Tatonnement modeling with linear programming: demand and supply for some United States crops in 2000 by Schatzer, Raymond Joe
Retrospective Theses and Dissertations Iowa State University Capstones, Theses andDissertations
1982
Tatonnement modeling with linear programming:
demand and supply for some United States crops in
2000
Raymond Joe Schatzer
Iowa State University
Follow this and additional works at: https://lib.dr.iastate.edu/rtd
Part of the Agricultural and Resource Economics Commons, and the Agricultural Economics
Commons
This Dissertation is brought to you for free and open access by the Iowa State University Capstones, Theses and Dissertations at Iowa State University
Digital Repository. It has been accepted for inclusion in Retrospective Theses and Dissertations by an authorized administrator of Iowa State University
Digital Repository. For more information, please contact digirep@iastate.edu.
Recommended Citation
Schatzer, Raymond Joe, "Tatonnement modeling with linear programming: demand and supply for some United States crops in 2000 "
(1982). Retrospective Theses and Dissertations. 7480.
https://lib.dr.iastate.edu/rtd/7480
INFORMATION TO USERS 
This was produced from a copy of a document sent to us for microfilming. While the 
most advanced technological means to photograph and reproduce this document 
have been used, the quality is heavily dependent upon the quality of the material 
submitted. 
The following explanation of techniques is provided to help you understand 
markings or notations which may appear on this reproduction. 
1.The sign or "target" for pages apparently lacking from the document 
photographed is "Missing Page(s)". If it was possible to obtain the missing 
page(s) or section, they are spliced into the film along with adjacent pages. 
This may have necessitated cutting through an image and duplicating 
adjacent pages to assure you of complete continuity. 
2. When an image on the film is obliterated with a round black mark it is an 
indication that the film inspector noticed either blurred copy because of 
movement during exposure, or duplicate copy. Unless we meant to delete 
copyrighted materials that should not have been filmed, you will find a good 
image of the page in the adjacent frame. If copyrighted materials were 
deleted you will find a target note listing the pages in the adjacent frame. 
3. When a map, drawing or chart, etc., is part of the material being photo­
graphed the photographer has followed a definite method in "sectioning" 
the material. It is customary to begin filming at the upper left hand corner of 
a large sheet and to continue from left to right in equal sections with small 
overlaps, if necessary, sectioning is continued again—beginning beiow the 
first row and continuing on until complete. 
4. For any illustrations that cannot be reproduced satisfactorily by xerography, 
photographic prints can be purchased at additional cost and tipped into your 
xerographic copy. Requests can be made to our Dissertations Customer 
Services Department. 
5. Some pages in any document may have indistinct print. !n all eases wc have 
filmed the best available copy. 
University 
Microfilms 
international 
300 N. 2EEB RD., ANN ARBOR, Ml 48106 

8221225 
Schatzer, Raymond Joe 
TATONNEMENT MODELING WITH LINEAR PROGRAMMING: DEMAND 
AND SUPPLY FOR SOME UNITED STATES CROPS IN 2000 
Iowa State University PHX). 1982 
University 
Microfilms 
IntGrnâtiOnâ! 300N.ZeebRœd.AnnAibor.MI48106 

Tâtonnement modeling with linear programming: 
Demand and supply for some United States crops in 2000 
A Dissertation Submitted to the 
Graduate Faculty in Partial Fulfillment of the 
Requirements for the Degree of 
DOCTOR OF PHILOSOPHY 
Department ; Economics 
Major: Agricultural Economics 
by 
Raymond Joe Schatzer 
Approved ; 
In ÇJrfaràe of ïlajor Work 
Iowa State University 
Ames, Iowa 
1982 
Signature was redacted for privacy.
Signature was redacted for privacy.
Signature was redacted for privacy.
ii 
TABLE OF CONTENTS 
Page 
CHAPTER I. INTRODUCTION 1 
CHAPTER II. METHODOLOGY 6 
CHAPTER III. MODEL DESCRIPTION 16 
CHAPTER IV. DESCRIPTION OF SCENARIOS AND RESULTS 40 
CHAPTER V. SUMMARY, LIMITATIONS, AND CONCLUSIONS 72 
BIBLIOGRAPHY 78 
ACKNOWLEDGEMENTS 86 
1 
CHAPTER I. INTRODUCTION 
Over the years, questions have been raised recurringly about the 
ability of the United States to meet its future crop production needs. 
During the 1970s, two concerns have been raised concerning the future 
of U.S. crop production. The first concern deals with the future 
availability of agricultural land suitable for crop production. The 
second concern deals with the future level of crop yields. The 
future outcome for U.S. crop production is highly dependent upon both 
the level of land availability and crop yields. The real problem may 
not be the quantity of crop production but may be the price of the 
production that is available. The price of some U.S. crops and the 
production levels of those crops under alternative yield and land 
availability scenarios are the focus of this study. 
Agricultural Land Availability 
A series of papers on the supply and demand for agricultural lands 
in the United States prepared for the U.S. Senate Committee on Agri­
culture, Nutrition, and Forestry and edited by Brewer (1981) provides 
a good discussion of future agricultural land availability. Brewer 
(p. 10, 1981) summarizes the report as follows: 
Cropland comprises 30 percent of all non-Federal 
agricultural lands in the 43 contiguous States; 
13 percent of the remaining agricultural land 
has been recently rated as having high or medium 
potential for conversion to crop use. 
The year to year acreage shifts to and from 
pasture, range and forest uses suggest that 
production can adjust to changes in relative 
prices of agricultural commodities with 
2 
considerable flexibility in the 540 million 
acres of non-Federal cropland and potential 
cropland. 
Available data indicate that recently (1967-
75) an annual average of 675,000 acres of 
cropland were converted to relatively 
irreversible developed uses (urban, built-up, 
transportation, and water). This represents 
0.12 of 1 percent of the cropland and potential 
cropland recorded in a 1977 national inventory. 
The current projections believed to be most 
realistic indicate that the United States has 
a sufficient supply of agricultural lands to 
accommodate domestic and foreign demand for 
food and fiber through the end of the century, 
without imposing major increases in the cost of 
its production. Future commodity prices will 
increase, but a shortage of agricultural land 
is unlikely to be either the initial, or 
primary, cause. 
Despite this relatively optimistic national 
prognosis, agricultural land conversion does 
represent a significant problem for individual 
communities, especially those having the type 
of soil and microclimatic required for high value 
specialty crops. The high agricultural value of 
such lands may warrant local or State measures to 
prevent their conversion to developed uses. 
The 1977 Soil Conservation Service (SCS) National Resource 
Inventory (USDA, 1980b) shows the U.S. cropland resources as 413 million 
acres in 1977. Of the 413 million acres, 368 million acres are 
cultivated for crops, 33 million acres are used for hay, and 12 
million acres are in other uses. In addition, the United States has 
nearly 1 billion acres of non-Federal rural lands being used for 
pasture, range, forest, and other purposes. SCS has determined that 
36 million acres of the 1 billion have a high potential and 91 million 
acres have a medium potential for conversion to cropland. Therefore, a 
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total of 127 million acres are available and suitable for conversion 
to cropland from land that is not currently classified as cropland. 
Cropland is constantly being converted to urban, transportation, and 
other uses. Whether enough land is available for crop production 
will depend upon the crop yields and the quantity of the crops demanded. 
Crop Yields 
Many people have tried to analyze what the future holds for con­
tinued increases in crop yields. After studying time series of average 
U.S. yields for 19 crops, Lin and Seaver (1978) concluded that 12 
crops including corn, cotton, and wheat have reached a yield plateau, 
and the seven remaining crops including hay and soybean yields have had 
a slowdovrr! in their rate of growth. On the other hand, after presenting 
some of the possible new technologies or changes in existing technologies 
that could boast yields, Wittwer (1977) concluded that it is reasonable 
to expect possible large increases in yields. Wittwer's list of 
possible technologies included: changes in the plants' ability to 
withstand environmental stress; changes in the plants' ability to 
utilize fertilizer including the possibility of more plants with 
nitrogen fixation capabilities; increases in the plants' photosynthetic 
efficiency; and increases in the use of chemical growth regulators. 
Heady (1980), after reviewing studies by Crosson (1979), Swanson. 
Smith, and Nyankori (1979), Wittwer (1977), and others, observed that 
probably the best that can be hoped for in the future is the continua­
tion of the current absolute increases in yields. 
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Pope (pp. 107-108, 1981) concluded after studying the time series 
of crop yields for five crops in five Corn Belt states: 
Projections of yields such as have been made for the 
five Corn Belt states in this study, can only be 
viewed with a great deal of caution because these 
projections depend on so many things, some of which 
we can control, some of which we can't. However, 
these projections do illustrate that, even in the 
Com Belt where great increases in yields have 
already been experienced, there is little evidence 
in the past trends to project a general leveling 
off of crop yields. What will happen to Corn Belt 
yields in the next twenty years depends on the 
motivation and ability of American agriculturists, 
the dedication and support of the American public, 
and the economic, social, and political conditions 
that prevail. 
As Pope concludes, the future of crop yields is dependent upon a host 
of factors, many of them unknown at the present time. However, it is 
known that future crop yields will play an important role in determining 
how much cropland the United States will need to meet its future crop 
demands. 
Objectives 
The two major objectives in this study are as follows: 
1) Develop a model capable of providing an approximate market 
equilibrium for some U.S. crops. In addition, as Meister, Chen, and 
Heady (pp. 5-6, 1978) specified: 
One step in this complex is to develop a model 
capable of providing information on outcomes of 
regional levels while incorporating a market 
equilibrium. The market equilibrium capability 
should be broad enough to incorporate simultaneously 
equilibrium farm prices, quantities demanded by 
consumers, optimal production patterns, optimal 
transportation flows, net exports, and returns 
to scarce resources. Further, the capability 
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should be flexible with respect to temporal periods 
analyzed and to changes in agricultural structure 
and public policies relating to agriculture. The 
term capability, therefore, refers not only to a 
specific list of coefficients submitted for 
computation at a particular instance but also 
to the body of supportive data summarized or 
transformed into manageable equations used to 
generate and modify a set of programming coefficients. 
2) Determine the approximate market equilibrium prices and 
quantities for the year 2000 for barley, corn grain, oats, sorghum 
grain, soybean meal, and wheat under some alternative assumptions 
concerning the future combinations of crop yields and cropland 
availability. 
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CHAPTER II. METHODOLOGY 
Samueloon (1952) established desired formal equivalence between the 
equilibrium of interregional trade and a maximum problem. The concept 
was further developed by Smith (1963) who showed that a dual of the 
equivalence exists and therefore a competitive spatial equilibrium 
can be identified by the minimization of economic rent. Since then, 
spatial programming models have been used to examine how the agri­
cultural sector works and to analyze the implications of a range of 
policy actions. Spatial programming models have been formulated in 
several ways. However, linear models have enjoyed widespread use 
because of the powerful algorithm available to obtain their solutions. 
Also, the large matrix capabilities of linear models allow a detailed 
representation of production possibilities and restraints. 
The use of linear programming models has one serious drawback in 
analyzing aggregate equilibrium conditions. That drawback is that the 
prices or the quantities must be assumed fixed. They both cannot be 
solved for by the linear programming model. Linear programming can 
determine the optimal pattern of production including resource use, 
production location, transportation flows, and supply prices given 
fixed quantities of demand. Or, given a fixed level of prices, the 
supply quantities can be determined along with resource use, production 
location, and transportation flows. Heady and Egbert (1959) developed 
a model to analyze regional adjustments in grain production assuming 
equilibrium quantities of demand are given. That model has evolved 
at the Center for Agricultural and Rural Development (CARD) of Iowa 
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State University into a continuing sequence of multiproduct models 
for U.S. agriculture with many spatially separated markets and producing 
regions. Variations on the model have been used by Brokken and Heady 
(1968), Mayer and Heady (1969), Nicol and Heady (1975) , Short (1980), 
and English (1981). 
The assumption of fixed demands in linear programming models is 
restrictive, limiting the usefulness of the results. Some early linear 
programming studies used an iterative solution process with changing 
quantities of demand to obtain the equilibrium price and quantity 
relationships. The iterative process was proposed by Fox (1953) and 
further explored by Judge and Wallace (1958) and Schrader and King 
(1962). Fox and Schrader and King used an iterative algorithm to 
obtain equilibrium prices and quantities for livestock production. 
Judge and Wallace used the results of an initial linear programming 
model in linear demand functions to set regional prices which were 
then used to further optimize the linear programming model. Their 
results were consistent with the coapetitiva equilibrium solution. 
However, the rationale for the method was not firmly based in 
mathematics or in economic theory. 
The iterative procedure was both expensive and time consuming. 
In 1964, Takayama and Judge developed an extension of the Samuelson 
maximization approach which solved the equilibrium problem by means 
of concave programming. Plessner and Heady (1965) applied a quadratic 
programming model, a form of concave programming, to the U.S. agri­
cultural economy. Just as Heady and Egbert's linear programming model 
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evolved at CARD, the Plessner and Heady model was further developed 
by Hall (1969), Stoecker (1974), and Meister, Chen, and Heady (1978). 
Quadratic programming also has a major limitation because the solution 
algoritnms are much more expensive than the simplex algorithm used 
for linear programming when equivalent-sized problems are examined. 
Quadratic programming models are therefore usually solved using a 
much smaller set of production activities than the linear programming 
models contain. 
Due to the high cost of quadratic programming, another approach, 
separable programming, was developed and refined which used linear 
approximations of the nonlinear functions to solve the nonlinear model. 
Separable programming has been used by Yaron and Heady (1961), Duloy 
and Norton (1975), and Huang and Hogg (1976) to solve nonlinear 
programming models. At CARD, Boggess (1979) updated Stoecker's work 
and used separable programming to solve for equilibrium prices and 
quantities. Bhide (1980) and Chowdhury (1980) expanded Boggess's 
work and further developed the theory of separable programming. 
Separable programming models have the disadvantage that the results 
are sensitive to changes in the segments used to linearize the non­
linear function. Also, the optimality conditions for a competitive 
equilibrium are only approximately satisfied since separable pro­
gramming uses linearized functions to approximate the nonlinear functions. 
In this study, a circle is completed as an iterative technique 
is used to solve a spatial linear programming model for equilibrium 
prices and quantities. The iterative process is based on the economic 
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theory of tâtonnement. While iterative processes were avoided because 
of the expense of running and the time required to adjust the demand 
levels, recent advances in computer software make this technique 
attractive from both a cost and flexibility point of view. The 
technique can be applied to the spatial linear programming model 
with no modification to the coefficient matrix. The adjustments 
to the demand levels and the determination of the approximation to 
the equilibrium point can be done completely internally to the 
computer by using the appropriate computer programming. 
Iterative Process 
The iterative process used in this study is based on the 
tâtonnement process of market adjustments. Negishi (p. 191, 1972) 
defines tâtonnement as a trial and error process representing the 
market mechanism under free competition. The tâtonnement process 
can be described by the following sequence of events. 
a) An auctioneer sets a price for each good. 
b) The consumers specify the quantity of each good they want to 
buy at the given price. 
c) The producers specify the quantity of each good they want to 
sell at the given price. 
d) If the aggregated quantity demanded equals the aggregated 
quantity supplied for each good, the markets are cleared and 
the equilibrium prices and quantities have been found. 
e) If the quantities are not equal, the auctioneer adjusts the 
prices by raising the prices of the goods in excess demand 
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and by lowering the prices of the goods in excess supply. 
f) These new prices become the prices offered, and the sequence 
of events, b through e, is repeated until equilibrium prices 
and quantities are reached. 
By simulating the above process of adjustment, the problems caused by 
using fixed demands in the spatial linear programming model can be 
solved. The iterative process above does not fit the cost minimiza­
tion spatial programming model, so the process is modified slightly. 
A modification was first defined by English, Short, and Heady (1981) 
and can be described by the following sequence of events where a 
spatial linear programming model is used to simulate the producers' 
actions and estimated demand equations are used to simulate the 
consumers' actions. 
a) A set of national production quantities is determined and 
distributed to the regions as done in previous CARD spatial 
linear programming studies. 
b) The spatial linear programming model with these regional 
quantities of demand is solved by cost minimization. 
c) The national supply prices for each commodity is determined 
from the linear programming model's shadow prices. 
d) These national supply prices are then used in the estimated 
demand functions to determine the quantities demanded. 
e) The quantity demanded is compared to the quantity produced 
for each good. If the two quantities are equal for all the 
commodities, the equilibrium prices and quantities have 
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been determined. 
f) If the two quantities are not equal for one or more of the 
commodities, a new set of national production levels is 
determined by increasing the level of those commodities in 
excess demand and decreasing those in excess supply. 
g) The naw set of production levels are distributed to the 
regions, and the sequence of events b through f is repeated 
until equilibrium prices and quantities are reached. 
In actuality, English, Short, and Heady stopped the sequence of events 
whenever the difference between the production quantity and demand 
quantity for each of the commodities was less than 1 percent of the 
demand quantities. That is also the criteria used in this study. 
The iterative process used can be described mathematically in the 
following way, assuming only one good, Q. Begin with an arbitrary 
supply price P^. This price is used to determine the arbitrary starting 
level of demand using the demand equation as specified by Equation 1-
The starting quantity of demand becomes the quantity of production, 
S^, used in the linear programming model to determine the supply price. 
The linear programming model has a theoretical supply curve. Equation 2, 
P; = fCS;), (2) 
from which the new price can be determined. The new price can be 
used in Equation 1 to determine the new demand level . If the 
difference between S]_ and is sufficiently small, it is assumed 
12 
the approximate equilibrium prices and quantities have been found. 
If not, a new level of supply to be used in Equation 2 is determined. 
For example, if: 
^ ^ 
°t 
>Y, (3) 
where: Y is an arbitrarily small number based on the desired 
accuracy level, 
then: = wD^ + (l-w)S^, (4) 
where: w is a weight between 0 and 1. 
The process is continued until Equation 3 is found to be false. 
The stability of the process for a single good can easily be 
shown for the current problem if a restraint is put on w and the 
demand is assumed to be negatively sloping and the supply positively 
sloping. The excess demand, X, is defined as: 
X = D. - S^. (5) 
t c t 
The conditions for stability can be illustrated by substituting 
for and then in Equation 5 and taking the derivative of the 
excess demand with respect to a change in supply resulting in Equa­
tions 6 and 7. 
= g(f(S^)) - (6) 
dX. dP^ 
%t = ds; = dP; ds; -1 = s'f -1. (7) 
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where: 
g' = §, and 
dP 
f = , _ t 
dS^-
Since g'<0 and f*>0 by assumption, will be less than minus one. 
Since c-1, a change in supply, dS^, will result in a change in 
excess demand, dX^, of a larger magnitude in the opposite direction. 
By rearranging Equation 4 into Equation 8, 
it can be seen that the change in supply is a function of the excess 
demand. The value of the weight needed to cause the change in supply 
to move the model to a solution in one iteration can be determined 
as shown in Equations 9 through 13. 
dSt = wX^_^, (9) 
dX^ = (g'f'-l)dS^ = (g'f'-l)wX^_^ (10) 
But for a solution: 
- -\.i. (11) 
therefore: 
-X^_^ = (g'f'-l)wX^_^, (12) 
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and therefore: 
w = -(g'f'-l) ^  = (l-g'f) (13) 
For the change in supply to cause a movement to the equilibrium point, 
the change in excess supply must equal the minus value of the current 
excess demand. Equation 11. The change in supply is a function of 
the current excess demand. Equation 9. By manipulating Equation 7 
and substituting for dX^ and dS^ as done in Equations 10 and 12, it 
is shown that the weight, w, must equal (l-g'f) ^ for convergence 
in one iteration. If w< (l-g'f) the change in supply will result 
in a movement towards the equilibrium point. If w> (l-g'f) the 
change in supply will result in a movement past the equilibrium point, 
resulting in oscillations about the equilibrium point. Whether the 
oscillations move the model closer to the equilibrium point depends 
again upon the value of the weight, w. For the oscillations to 
converge, the change in excess supply must be of a magnitude less 
than twice the current value of the excess demand. The value of w 
that allows for oscillations to converge can be found as shown in 
Equations 14 through 16. 
Set: dX^<-2X^_^, (14) 
and Equation 12 becomes: 
(15) 
and therefore: 
w<2(l-g'f) (16) 
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A value of w between (1-g'f') ^  and 2(1-g'f') ^  will therefore result 
in convergence to the equilibrium point through oscillations. If 
W = 2(l-g'f') the model will bounce back and forth from one side 
to the other of the point of convergence with only the sign of the 
value of excess demand changing. If w> 2(l-g'f') the value of 
excess demand will get larger and larger, resulting in an unstable 
market. 
There will be a system of demand and supplv equations with 
interaction terms when there is more than one commodity or region. 
Metz1er (1945) has shown that the sufficient conditions for stability 
in such a linear system is all the commodities must be gross 
substitutes for all positive adjustment factors. Hahn (1961). 
Arrow and Hahn (1971), and Howitt (1980) have also examined the 
conditions for stability of excess demand functions. 
The model used in this study uses a linear programming model to 
stimulate the supply sector and estimated demand equations to stimulate 
the demand sector. The linear programming model, the estimated demand 
equations, and the linkage between them are discussed in the next 
chapter. 
16 
CHAPTER III. MODEL DESCRIPTION 
The model described in the previous chapter requires a set of 
demand equations and a set of supply equations. The two sets of 
equations and the linkage between them are described in this chapter. 
The demand equations are estimated econometrically using time series 
data. A linear programming model is used to simulate the supply 
equations. The demand and supply interaction of five crops — barley, 
com for grain, oats, sorghum for grain, soybeans, and wheat — is 
considered in this analysis. Soybean demand and supply is in the form 
of soybean meal. For the rest of the crops and for livestock, the 
quantity demanded and supplied is assumed fixed. 
Demand Sector 
The demand equations for the model are estimated on a national 
basis. The quantity demanded is disaggregated into food, feed, export, 
and seed demand except for soybean meal, which has no food demand. 
The demand for soybean oil is considered to be insignificant in 
determining the soybean equilibrium market. It is assumed that the 
quantity of soybean oil demanded will not exceed the quantity supplied 
as a by-product from the production of soybean meal. Seed demand is 
handled by assuming a constant seeding rate by crop per planted acre. 
The demand equations are estimated using data for the years 1950 
to 1979. The variables used to estimate the equations are given in 
Table 1 along with the sources for the data. Crop year based variables 
Table 1. Variables used to estimate demand equations 
In, and the sources for the data 
Code Variable 
BEEF Live weight production of beef and veal 
BEXP Net exports of barley 
BFEED Barley used for feed 
BFOOD Barley used for food and alcohol 
BGEXP Government exports of barley 
BPR Barley price received by farmers 
BSEAC Barley used for seed, computed 
CEXP Net exports of corn grain 
CFEED Corn grain used for feed 
CFOOD Corn grain used for food and alcohol 
CGEXP Government exports of corn 
CHICK Chicken production ready to cook weight 
CPI Consumer price index for all items 
code used for variables, units variables are 
Units Sources 
million pounds USDA, 1980a; 1972 
million bushels USDA, 1980d; 1976a; 1972 
million bushels USDA, 1980d; 1976a; 1972 
million bushels USDA, 1980d; 1976a; 1972 
million bushels USDA, 
1975; 
1980e; 
1974 
1978; 1976c 
dollars per bushel USDA, 1980a; 1976a; 1972 
bushels 
planted 
per 
acre 
USDA, 
1972 
1980a, d; 1976a; 
million bushels USDA, 1980d; 1976a; 1972 
million bushels USDA, 1980d; 1976a; 1972 
million bushels USDA, 1980d; 1976a; 1972 
million bushels USDA, 
1975; 
1980e; 
1974 
1978; 1976c 
million pounds USDA, 1981; : 1967 
1975 = 1.00 USDA, 1981; USDC, 1977 
Table 1. Continued 
Code Variable 
CPIFV Consumer price index for fruits 
and vegetables deflated by CPI 
CPILF Consumer price index for ail items 
less food deflated by CPI 
CPIM Consumer price index for meat, poultry, 
and fish deflated by CPI 
CPOP Civilian population of U.S. on 
January 1 
CPR Corn price received by farmers 
CSEAC Corn used for seed, computed 
DUMij 
EGGS 
LAMB 
OEXP 
OFEED 
Dummy variables for outliers, changes 
in government policy, and unexplained 
shifts. 1 for years 1 through j, 
0 otherwise. May be for inly one year. 
Egg production 
Live weight production of lamb and 
mutton 
Net exports of oats 
Oats used for feed 
Units Sources 
1975 = 1.00 
1975 = 1.00 
1975 = 1.00 
million people 
dollars per 
bushel 
bushels per 
planted acre 
million dozen 
million pounds 
million bushels 
million bushels 
USDA, 1981; USDC, 1977 
USDA, 1981; USDC, 1977 
USDA, 1981; USDC, 1977 
USDA, 1981; 1967 
USDA, 1980a; 1976a; 1972 
USDA, 1980a,d; 1976a; 
1972 
USDA, 1981; 1967 
USDA, 1980a; 1972 
USDA, 1980d; 1976a; 1972 
USDA, 1980d; 1976a; 1972 
Table 1, Continued 
Code Variable 
OFOOD Oats uised for food 
OPR Oats price received by fairmers 
OSEAC Oats used for seed, computed 
PDINCC Disposable personal incomcî divided 
by CPOP deflated by CPI 
PORK Live weight production of pork 
SBPR Soybean price received by farmers 
SEXP Net exports of grain sorghum 
SPEED Grain sorghum used for feed 
Sl'^OOD Grain sorghum used for food and alcohol 
SGEXP Government exports of grain sorghum 
SMEXP Net exports of soybean meal plus 
net exports of soybeans converted 
to meal using 47.5 pounds/bushel 
SMFEE;D Soybean meal used for feed 
Units Sources 
million bushels 
dollars per 
bushel 
bushels per 
planted acre 
thousand dollars 
per capita 
million pounds 
dollars per 
bushel 
million bushels 
million bushels 
million bushels 
million bushels 
thousand tons 
thousand tons 
USDA, 1980d; 1976a; 1972 
USDA, 1980d; 1976a; 1972 
USDA, 1980a,d; 1976a; 
1972 
USDA, 1981; 1967 
USDA, 1980a; 1967 
USDA, 1980a; 1972 
USDA, 1980d; 1976a; 1972 
USDA, 1980d; 1976a; 1972 
USDA, 1980d; 1976a; 1972 
USDA, 1980e; 1978; 1976c 
1975; 1974 
USDA, 1980c; 1972; 1970; 
1967 
USDA, 1980c; 1970 
Table 1. Continued 
Code Variable Units Sources 
SMSEAC Soybeans used for seed, computed in meal 
equivalents 
pounds per 
planted acre 
USDA, 1980a, c; 1972; 1967 
SPR Grain Eiorghum price received by farmers dollars per 
bushel 
USDA, 
1972 
1980a, d; 1976a, 
SSEAC Grain orghum used for seed, computed bushels per 
planted acre 
USDA, 1980a; 1976a; 1972 
TIME Time trend variable with ].950=1, 
1950=2, 
WEXP Net exports of wheat million bushels USDA, 1980a; 1977a; 1972 
WFEED Ifheat used for feed million bushels USDA, 1980a; 1977a; 1972 
WFOOD Ifheat used for food million bushels USDA, 1980a; 1977a; 1972 
WGEXP Government exports of wheat million bushels USDA, 
1975; 
1980e; 
1974 
1978; 1976c; 
WPR Wheat jjrice received by farmers million bushels USDA, 1980a; 1977a; 1972 
WSEAC Wheat used for seed, computed bushels per USDA, 1980a; 1977a; 1972 
planted acre 
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are matched to calendar year based variables by putting the crop year 
observations in the calendar year the end of the crop year falls in. 
A total of 17 equations are estimated — six feed, six net export, 
and five food demand. As mentioned above, an equation is not estimated 
for seed demand since it is essentially a function of planted acreage. 
The demand equations are first estimated by ordinary least squares 
regression and/or stepwise regression to help determine which variables 
of the theoretical list of possible inclusion variables for an equation 
are significant and have the correct sign. Since it is expected that 
the residuals across equations will be correlated due to the substi-
tutibility between commodities and across demands within a commodity, 
seemingly unrelated regression (SUR) is used to estimate the final 
coefficients. More efficient estimators of the coefficients of the 
equation are given by SUR (see Johnston, 1972; Pindyck and Rubinfeld, 
1976; or Intriligator, 1978). The equations are estimated using the 
SAS Econometric and Time Series Library (SAS, 1980), nonlinear SUR 
procedure. The system could have been estimated by the linear 
procedure, but the nonlinear procedure is used because it provides 
additional statistics and allows the use of interaction between 
variables without creating new variables. 
The system of demand equations is presented in Table 2. The 
approximate standard errors are reported in parentheses below the 
estimated regression coefficients. The variables used in the equa­
tions are defined in Table 1. All of the coefficients are significant 
at the 5 percent level based on a one-tail t-test where the coefficient 
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Table 2. Estimated demand equations with approximate standard errors 
in parentheses® 
CEXP = -76,1(CPR) + 1.959(CGEXP) - 4.678 (BGEXP) + 548.(DUM5072) 
(43.7) (0.659) (0.909) (128.) 
+ 66.16(TIME) - 45.17(TIME-DUM5072) - 272.9(DUM5075) 
(3.88) (6.97) (51.0) 
SEXP = 230.6 - 93.4(SPR) + 80.1(BPR) + 1.434(SGEXP) - 0.830(BGEXP) 
(27.6) (23.0) (24.1) (0.201) (0.326) 
- 94.9(DUM5072) - 37.5(DUM506l) 
(12.5) (14.6) 
OEXP = 27.28 - 32.6(OPR) + 7.32(WPR) + 28.70(DUM60) + 26.21(DUM66) 
(7.86) (11.1) (2.98) (6.03) (6.14) 
+ 44.48(DUM74) - 16.72(TIME-DUM5054) 
(6.95) (1.20) 
BEXP = -45.3(BPR) + 24.53(SBPR) + 1.026(BGEXP) + 58.3(DUM59) 
(11.7) (4.78) (0.174) (13.4) 
WEXP = 1201.5 - 54.4(WPR) + 0.636(WGEXP) - 671.4(DUM5072) 
(83.1) (22.0) (0.110) (45.4) 
SMEXP = -7110 - 645.(SBPR) + 1075.4(TIME) + 10400(DUM5061) 
(1120) (247.) (45.1) (1230) 
- 822.(TIME•DUM5061) 
(106.)  
CFEED = -1694. + 0.07620(BEEF) + 0.0966(PORK) + 180.8(SBPR/CPR) 
(424.) (0.00683) (0.0199) (86.6) 
^Variable names are defined in Table 1. 
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Table 2. Continued 
SPEED = -2931. + 0.03512(BEEF) + 0.02134(PORK) + 0.1673(LAMB) 
(328.) (0.00255) (0.00612) (0.0435) 
+ 0.2322(EGGS) + 216.6(CPR/SPR) 
(0 .0607)  (72 .3)  
OFEED = 381.1 + 0.3624(LAMB) - 17.12(TIME-DUM5054) + 211.2(CPR) 
(68 .1)  (0 .0415)  (5 .55)  (26 .8)  
- 453.7(OPR) + 438.8(DUM5068) - 25.26(TIME-DUM5068) 
(57 .2)  (48 .1)  (2 .31)  
BFEED = -1006. + 0.00664(BEEF) + 0.0628(LAMB) + 0.1091(EGGS) 
(164.) (0.00122) (0.0248) (0.0311) 
+ 81.4(CPR/BPR) + 2O8.0(OPR/BPR) + 49.3(WPR/BPR) 
(36 .9)  (96 .0)  (17 .3)  
WEED = -530 .  + 165.4(CPR/WPR) - 4.476(TIME-DUM5068) - 76.0(DUM75) 
(118.) (34.1) (0.502) (13.8) 
+ 61.8(DUM66)  -77.6(DUM76) - 1.801(TIME-01^5061) + 0.0977(EGGS) 
(14.1) (14.0) (0.778) (0.0233) 
+ 94.8(DUM72) 
(13.6) 
SMFEED = -5670 + 0.0815(P0RK) -r 1.035(LAMB) + 1.9023(CHICK) - 1109.(SBPR) 
(1830) (0.0407) (0.534) (0.0815) (136.) 
+ 1058.(CPR) + 1583.(OPR) + 323:(WPR) 
(322 . )  (565 . )  (151 . )  
CFÛOD = [l3.9i -r 0.2374(?DINCC) - 0.1S22(C?R) - 12.47(CPILF)] (CPQP) 
(2 .65)  (0 .0321)  (0 .0533)  (2 .42)  
SFOOD = [-1.134 + 1.131(CPILF) - 0.0480(SPR) + 0.0536(CPR) 
(0.219) (0.210) (0.0129) (0.0117) 
+ 0.1819(DUM5iyi (CPQP) 
(0.0136) 
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Table 2. Continued 
OFOOD = [-1.296 + 0.01204(WPR/OPR) + 1.337(CPILF) + 0.1445(C?IM)] (CPOP) 
(0.267) (0.00411) (0.237) (0.0383) 
BFOOD = [5.736 + 0.05215(PDINCC) - 0.0336(BPR) - 4.484(CPILF) 
(0.573) (0.00650) (0.0112) (0.499) 
- 0.783(CPIFV)] (CPOP) 
(0.107) 
WFOGD = [17.73 - 0.2063(PDINCC) - 0.0385(WPR) - 12.37(CPILF) 
(1.59) (0.0259) (0.0196) (1.44) 
- I,411(CPIFV)] (CPOP) 
(0.311) 
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must have a certain sign according to economic theory and based on a 
two-tail t-test otherwise. The degrees of freedom, mean square error, 
2 
and R , the proportion of the total variation in the dependent 
variable explained by the regression on the independent variables, 
for each equation are given in Table 3. 
The estimated demand equations are judged to be acceptable based 
2 
on an analysis of the t-statistics, R , expected signs, plots of 
predicted versus actual values, and variables included in the equations. 
Supply Sector 
An interregional linear programming model is used to simulate 
the supply equations. Linear programming is used because it can 
determine the optimal patterns of production — including land and 
other resources use, production location, transportation flows, and 
supply prices — given a fixed quantity of commodity demand. The 
linear programming model used is set up for the year 2000 and is based 
upon ciie moJcls previously developed at the Center for Agricultural 
and Rural Development (CARD), and the following description is 
condensed from some of the previous studies' descriptions. (See 
Dvoskin, Heady, and English (1978) or Turhollow, Short, and Heady 
(1982) for one land class model documentations and Meister and Nicol 
(1975) or English, Alt, and Heady (1982) for five land class model 
documentations. More details are given in the five land class 
documentations.) 
The model is a regionalized one land class national linear pro­
gramming model covering the geographical area of the continental 
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2 Table 3. Degrees of freedom, mean square error, and R for the 
estimated demand equations 
Degrees of Mean square ? 
Equation freedom error R^ 
Corn net exports 23 6,021.5 0.986 
Sorghum net exports 23 672.17 0.912 
Oats net exports 23 75.950 0.928 
Barley net exports 26 529.01 0.495 
Wheat net exports 26 12,598 0.876 
Soybean meal net exports 25 1,457,200 0.976 
Corn food demand 26 366.37 0.963 
Sorghum food demand 25 5.6117 0.858 
Oats food demand 26 4.9399 0.809 
Barley food demand 25 19.957 0.958 
Wheat food demand 25 212.45 0.838 
Corn feed demand 26 50,490 0.880 
Sorghum feed demand 24 5,659.3 0.892 
Oats feed demand 23 1,762.8 0.976 
Barley feed demand 23 591.43 0.733 
Wheat feed demand 21 504.92 0.911 
Soybean meal feed demand 22 123,380 0.993 
United States. The 48 sta';es are divided into 105 producing areas (PAs) 
as shown in Figure 1. The PAs are based on the Water Resource Council's 
aggregate subareas. PAs 48 to 105 ser>/e as water supply regions and 
are the only PAs where irrigation is allowed. The PAs are aggregated 
into 28 market regions (MRs) as shown in Figure 2. The MRs serve as 
the smallest breakdown for commodity demands and transportation 
activities. 
The objective function of the linear programming model minimizes 
the total cost of crop production and transportation. The costs 
include labor, machinery, pesticides, fertilizers, water, energy, 
land rent, and transportation from the location of the production 
centers to the location of the consumption centers. The costs are in 
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Figure 1. The 105 producing areas with the irrigated producing areas 
shaded 
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Figure 2. The 28 market regions 
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terms of 1975 farm input prices except for energy which has been 
adjusted to 1980 prices. 
Restraints in the model are defined for land, water, and commodity 
demands. The driving force in the linear programming model is the 
restraints on the minimum levels of commodity demands at the market 
regions as determined by the demand equations or exogenously. The 
allocation of demands to MRs will be discussed below in the linkage 
section. Transportation activities allow barley, corn grain, oats, 
sorghum grain, soybeans, and wheat to be produced in a region different 
from where it is demanded. The land and water restraints are defined 
at the PA level. The cropland available in each area is adjusted for 
exogenous crop requirements and nonagricultural uses. The amount of 
land available is based on the 1977 National Resource Inventory (NRI) 
'(USDA, 1980b). (Additional information on the land restraints can be 
found in English, Alt, and Heady (1982).) There are two water 
restraints for each of the water supply PAs, one for ground water, 
and one for surface water. These restraints balance the dependable 
water supply in the region for interbasin transfers, natural flow 
and runoff, and water use. Water consumed on site, by livestock and 
exogenous crops, by municipal and industrial uses, and water exports, 
is predetermined and is subtracted from the available water supply. 
Three classes of activities are defined in the model: crop 
production, commodity transportation, and resource supply. Crop 
production activities are defined to simulate the rotations in use 
by PA for barley, corn grain, corn silage, cotton, legume hay. 
29 
nonlegume hay, oats, sorghum grain, sorghum silage, soybeans, and 
wheat. The rotations contain one to four crops and cover from one 
to five years. Each rotation may also be produced by three tillage 
methods: conventional tillage with residue removed, conventional 
tillage with residua left, or reduced tillage. Crop yields are based 
on functions developed by Stoecker (1974) and modified as documented 
in Meister and Nicol (1975). Commodity transportation activities 
define the shipment of a commodity from one market region to another — 
one activity for shipment in each direction. Transportation 
activities are defined for barley, corn grain, oats, sorghum grain, 
soybeans, and wheat. All transportation is assumed to be by railroads 
since the majority of long hauls are by railroads. (For information 
on the construction of the transformation activities, see English, 
Alt, and Heady, 1982). Resource supply activities are defined for 
water, nitrogen, and land conversion. Water activities allow for the 
movement of the water from the water supply rows to the water demand 
rows. Other water activities allow for movement of water from one 
region to another through downstream flows or interbasin canal flows. 
Nitrogen activities allow for the purchase of commercially produced 
nitrogen once nitrogen derived from livestock wastes is exhausted. 
Nitrogen derived from livestock wastes is determined exogenously as 
explained in Short and Dvoskin (1977). Land conversion activities 
are defined for some of the alternatives. Land conversion activities 
allow for the conversion of pasture and forest land to cropland. Two 
sets of conversion activities are defined — one for the high 
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potential land and the other for the medium potential land, as defined 
in the 1977 NRI (USDA, 1980b). 
The demands for the crops not represented by the demand side of 
the model are determined exogenously. These crops are silage, cotton, 
legume hay, and nonlegume hay. Cotton demand is on a national basis, 
while silage and hay demands are on a regional basis. Silage and hay 
demands are distributed to market regions based on livestock feed 
demands (Boggess, 1977). National cotton demand is set at 17,753,760 
bales (USDA, 1979). The silage and hay demands by market region are 
shown in Table 4. 
Linkage Between the Two Sectors of the Model 
The demand equations provide the commodity demand restraints for 
the linear programming model, while the linear programming model 
provides the demand equations commodity prices. The linear programming 
model can be solved using MPSX (IBM, 1972), while the demand equations 
can be solved using a computer orogram written in FORTRAN (Cress, 
Dirksen, and Graham, 1970). The linkage between the two is accomplished 
using the READCOMM (IBM, 1971) feature of MPSX which allows a FORTRAN 
subroutine to be called by MPSX. 
The estimated demand equations determine the quantity demanded 
on a national basis for barley, corn grain, cats, sorghum grain, 
soybean meal, and wheat. The linear programming model is driven by 
market region demands. So linear programming activities are developed 
which distribute the national demands to the market regions. These 
activities distribute net exports based on port weights, food demand 
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Table 4. Regional silage, legume hay, and nonlegume hay demands 
projected for 2000 by market region^ 
Silage Legume hay Nonlegume hay 
(thousand (thousand (thousand 
Market region tons) tons) tons) 
1. Boston 3,106.32 551,50 1,220.75 
2. New York 12,061.03 4,235.16 4,809.24 
3. Baltimore 3,601.05 520.74 1,692.13 
4. Charleston 2,598.45 63.68 1,118.89 
5. Atlanta 2,716.62 26,174.29 10,345.11 
6. Miami 218.13 0.64 466.78 
7. Pittsburgh 5,338.06 2,066.84 3,296.39 
8. Detroit 4,427.22 2,651.97 934.63 
9. Cincinnati 3,566.32 1,467.32 4,099.22 
10. Memphis 1,223.65 395.71 2,181.39 
11. New Orleans 886.90 68.55 2,491.07 
12. Chicago 3,617.40 2,579.53 655.07 
13. Saint Louis 960.86 1,281.51 1,434.40 
14. Minneapolis 19,787.95 14,847.45 5,192.11 
15. Des Moines 10,433.95 6,230.52 1,678.70 
16. Billings 3,431.31 6,751.55 5,385.30 
17. Kansas City 11,036.32 9,705.18 7,348.59 
18. Oklahoma City 4,608.18 4,036.06 4,075.11 
19. Houston 1,026.79 478.57 1,341.09 
20. San Antonio 935.45 363.25 1,871.67 
21. Denver 4,612.31 2,508.73 1,894.55 
22. Amarillo 249.79 576.53 1,446.56 
23. El Paso 367.03 451.82 231.68 
24 . Seattle 3,032.27 7,758.76 3,568.85 
25. Salt Lake City 1,958.39 2,047.32 1,335.03 
26. Phoenix 382.17 1,481.55 1,183.73 
27. San Francisco 2,197.49 6,744.11 1,767.02 
28. Los Angeles 68.40 2,196.46 46.57 
U.S. totals 108,902.18 82,192.13 65,483.14 
^Source: Based on Boggess (1977). 
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based on population weights, and feed demand based on livestock feed 
weights by crop. These regional weights are shown in Tables 5 and 6. 
The linear programming model then provides national average shadow 
prices for each crop by food, feed, and net export demand. The demand 
equations need national overall average prices for each crop so 
weighted average price is determined using the demands as weights for 
each crop. 
The demand equations contain additional variables besides crop 
prices as independent variables. Before the equations can be solved, 
projected values for these nonprice variables for the year 2000 are 
needed. The dummy variables are all given a value of zero and time 
is given a value of 51. U.S. civilian population is set at 260.4 
million people (USDA, 1979). The other variables are projected by 
using the average of the 1975 to 1979 values or by using the value 
projected for the year 2000 by the Forecast procedure of the SAS 
Econometric and Time Series Library (SAS, 1980) . The choice is based 
upon whether the variable appears to have some type of trend or not. 
The projected values and the method of projection for the variables 
are given in Table 7. The 1979 values of the variables are also 
given for comparison purposes in Table 7. 
Since the model works in a circular process, starting values for 
the prices are needed to solve for the starting quantities to be used 
in the linear programming model. The average value of the 1950 to 
1979 prices is used in the demand equations to determine the starting 
quantities. The average prices and starting quantities along with the 
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Table 5. Port weights^ by crop used to distribute net export demands 
to market regions, values in percents^ 
Market region Barley Corn Oats Sorghum Soybeans Wheat 
2. New York 0.04 5.46 2.02 0.00 1.49 1.72 
4. Charleston 2.51 15.33 4.88 0.00 5.99 3.99 
5. Atlanta 0.00 1.91 0.21 0.00 32.80 3.23 
7. Pittsburgh 0.00 3.78 2.03 0.00 5.39 0.47 
8. Detroit 0.00 0.31 0.00 0.00 0.26 0.11 
11. New Orleans 3.98 60.06 11.99 2.99 44.38 11.16 
12. Chicago 0.14 4.97 0.09 0.00 2.71 0.20 
14. Minneapolis 51.29 2.45 75.96 0.00 0.18 7.79 
19. Houston 0.61 5.36 0.00 43.85 4.97 36.99 
20. San Antonio 0.00 0.09 0.00 50.24 1.66 3.75 
24. Seattle 41.41 0.03 2.29 0.02 0.01 27.91 
27. San Francisco 0.00 0.26 0.52 0.00 0.00 2.69 
28. Los Angeles 0.00 0.00 0.00 2.90 0.16 0.00 
^Source: Port weights are derived as described in Nicol and 
Heady (1975). 
Totals may not add to 100 due to roundoff. 
1979 values for the commodities are given in Table 8. Seed demand 
is handled by subtracting the amount of seed per planted acre from 
the yield per planted acre coefficients in the linear programming 
model. Corn seed for corn silage and sorghum seed for sorghum silage 
are included as a negative yield of corn and sorghum grain, respectively, 
for silage producing activities. The per planted acre seeding rates 
are given in Table 7 and are based on the 1975 to 1979 average values. 
The linear programming model provides the supply prices which are 
then used to determine the quantity demanded. If the difference 
between the quantity demanded and the quantity supplied is more than 
plus or minus 1 percent of the quantity demanded, then new quantities 
are determined to be used as demand restraints in the linear 
Table 6. Regional livestock feed weights by crop used to distribute feed demands and the population 
weights^ used to distribute food demands, values in percents^ 
Livestock feed weights Population 
Market region Barley Corn Oats Sorghum Soybeans Wheat weighti 
1. Boston 1.20 1.49 2.92 0.01 1.91 1.36 5.646 
2. New York 4.22 3.52 7.67 0.01 3.15 2.56 12.981 
3. Baltimore 1.25 2.30 2.14 0.31 3.19 1.66 4.545 
4. Charleston 1.98 4.01 3.11 2.01 5.24 3.63 4.215 
5. Atlanta 3.16 5.57 5.27 3.04 7.64 5.18 5.012 
6. Miami 1.84 ] .78 3.91  0.10 1.76 1.51 5.116 
7. Pittsburgh 3.57 3.11 5.00 0.11 2.50 2.06 7.107 
8. Detroit 3.25 2.68  4.02 0.00^ 2.06 2.15 4.718 
9. Cincinnati 4.36 6.12 4.93 0.93 5.16 3.08 3.597 
10. Memphis 1.49 2.64  2.38 1.42 3.33 2.12 1.649 
11. New Orleans 2.35 3.95  4.87 2.40 5.79 3.91 3.569 
12. Chicago 1.79 1.54 2.65 0.00^ 1.15 0.77 4.515 
13. Saint Louis 3.51 5.15 2,77 0.53 4.09 2.49 2.068 
14. Minneapolis 12.01 10.58 11.37 2.96 8.63 7.98 2.771 
15. Des Moines 9.20 12.82 6.32 6.49 10.21 8.38 1.694 
16. Billings 3.16 2.04 2.92 1.05 1.47 1.63 0.523 
17. Kansas City 11.67 11.50 5.36 21.84 10.62 12.94 2.317 
18. Oklahoma City 5.10 4.22 4.14 10.62 5.41 6.62 2.356 
19. Houston 2.12 1.86 2.27 4.49 2.98 3.03 3.897  
20. San Antonio 3.35 2.14 2.32 7.72 2.57 4.59 2.161 
21. Denver 2.74 1.41 0.91 6.57 1.16 3.24 1.369 
22. Amarillo 2.39 1.28  0.83 5.88 1.03 2.90 0.548 
23. El Paso 0.60 0.31 0.47 1.38 0.31 0.68 0.762 
^Source: Livestock weights based on Boggess (1977) and population weights on USDA data (1980b). 
^Totals may not add to 100 due to roundoff. 
^tess than .005 percent. 
Table 6, Continued 
Market region 
Livestock feed weights Population 
weights Barley Corn Oats Sorghum Soybeans Wheat 
24 . Seattle 3.76 2.19 3.34 0.01 1.54 2.59 3.354 
25. , Salt Lake City 0.85 0.56 0.92 1.16 0.54 0.86 1.009 
26. 1 Phoenix 1.77 0.89 0.95 4.17 0.73 2.26 1.787 
27. . San Francisco 4.37 2.68 3.68 8.49 3.68 5.77 4.270 
28. . Los Angeles 2.93 1.68 2.56 6.28 2.12 4.05 6.443 
Table 7. Projected value for 2000, method of projection, and 1979 actual values for exogenous 
variables in demand equations plus the values used for seed planted per acre 
Code* 
u 1979 Proj ected 
Variable Units value value Methc 
BEEF Beef production live weight billion pounds 38.937 58,219 F 
BEXPG Barley government exports million bushels 0.0 0.0 A 
BSEAC Barley seed bushels/acre 1.861 1,725 A 
CHICK Chicken production billion pounds 11.920 16.496 F 
CEXPG Corn government exports million bushels 73.533 45.577 A 
CPIFV CPid for fruits and vegetables 1975 = 100 0,997 1.075 F 
CPILF CJ'I^ less food 1975 = 100 1.005 1.014 F 
CPIM CPid for meat 1975 = 100 0.996 0.883 F 
CSEAC Corn seed bushels/acre 0.225 0.231 A 
EGGS Egg production billion dozen 5.769 5.844 F 
LAMB Lamb production live weight million pounds 712. 725. A 
OSEAC Oats seed bushels/acre 2.545 2.592 A 
PDINCC Personal disposable income $1,000/capita 5.535 7.505 F 
PORK Pork production live weight billion pounds 22.617 20.883 F 
SBSEAC Soybean seed pounds meal/acre 25.175 24.10 A 
SEXPG Sorghum government exports million pounds 6.569 6.388 A 
SSEAC Sorghum seed bushels/acre 0.130 0.118 A 
WEXPG Ml eat government exports million bushels 152.947 151.208 A 
WSEAC Ml eat seed bushels/acre 1.216 1.223 A 
^Code refers to variable name used in Table 1. The sources for the 1979 values can be found 
In Table 1. 
^Units may not agree with units in Table 1. Values are units of Table 1 when equations are 
estimated. 
refers to forecast from SAS (1980) forecast procedure. A refers to 1975 through 1979 average. 
''cPI stands for consumer price Index. 
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Table 8. Average crop prices for 1950 to 1979 used to determine starting 
quantities, starting quantities used in linear programming 
model, and 1979 values 
h 1979 Starting 
Code^ Variable Units value value 
BEXP Barley net exports million bushels 15. 28.472 
BFEED Barley feed do. 207. 376.321 
BFOOD Barley food do. 157. 176.148 
BPR Barley price $/bushel 1.42 1.85 
CEXP Corn net exports million bushels 2,132. 3,295.527 
CFEED Corn feed do. 4,198. 5,134.252 
CFOOD Com food do. 557. 684.400 
CPR Com price $/bushel 1.67 2.21 
OEXP Oats net exports million bushels 12. 11.207 
OFEED Oats feed do. 530. 575.286 
OFOOD Oats food do. 42. 57.132 
OPR Oats price $/bushel 0.89 1.18 
SBPR Soybean price do. 4.94 4.58 
SEXP Sorghum net exports million bushels 207. 207.594 
SFEED Sorghum feed do. 566. 1,283.037 
SFOOD Sorghum food do. 5. 10.281 
SMEXP Soybean meal net export million tons 24.569 44.779 
SMFEED Soybean meal feed do. 17.645 28.293 
SPR Sorghum price $/bushel 1.50 1.93 
WEXP Wheat net export million bushels 1,193. 1,129.113 
WFEED Wheat feed do. 178. 159.521 
WFOOD Wheat food do. 592. 520.224 
WPR Wheat price $/bushel 2.21 3.10 
^Code refers to variable short name used in Table 1. The sources 
for the 1979 values can be found in Table 1. 
Units may not agree with units in Table 1. 
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programming model. The new quantities are determined in one of two 
ways. If it is the first iteration or the excess demand has the same 
sign as the previous iteration, one-half of the excess demand is 
added to the supply quantity. If the excess demand has the opposite 
sign of the previous iteration, the equation for a line drawn through 
two points is computed. The current and previous excess demand 
quantities are used as one of the two coordinates for each point, 
while the current and previous supply quantities are used as the 
other coordinates. The excess demand is then set to zero and the 
equation is solved for the new supply quantity. The iterations 
continue until the constraints on excess demand is met for each of 
the disaggregated demand for each commodity or until 15 iterations 
are completed. 
A limit of 15 iterations is placed on the model to allow the 
results to be checked manually for oscillations about a step in the 
supply function of one or more crops. Since the linear programming 
model produces a step supply function, there is the possibility that 
the model will converge to the point of a vertical step. If that 
occurs, the difference between the crop's demand at the lower price 
and at the higher price may be larger than 1 percent of the demand 
at either price. If the difference is greater than 1 percent and the 
model is trying to converge to a price somewhere on the vertical step, 
the model will never converge. The model is then assumed to have 
converged after 15 iterations. If the model is not oscillating about 
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a step in the supply function, it is restarted and 15 more iterations 
are allowed. 
An application of the model is described in the next chapter. 
The effect on the quantities and prices of forcing the linear 
programming solution towards the equilibrium points are presented. 
Alternative scenarios with different levels of yields and land 
available for crop production are also run. 
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CHAPTER IV. DESCRIPTION OF SCENARIOS AND RESULTS 
The model described in the previous chapter is used to estimate 
approximate equilibrium prices and quantities for barley, com grain, 
oats, sorghum grain, soybeans, and wheat in the year 2000. Supply 
prices are also determined for com silage, sorghum silage, legume 
hay, other hay, and cotton. The model is run under different levels 
of crop yields and potential land areas. 
Description of Scenarios 
Seven scenarios are analyzed in this study. These scenarios 
provide a range of crop yield - cropland area combinations that might 
exist in the year 2000. The ranges are chosen to cover some of the 
combinations that have been used by the Center for Agricultural and 
Rural Development (CARD) in the past to analyze alternative policy 
actions. Three levels of crop yields and three potential land areas 
are used to develop the seven scenarios. 
Yield levels 
. The three yield levels are based on the functions developed by 
Stoecker (1974). A unique yield is determined for each crop as a 
function of the producing area, crop rotation, tillage method, optimal 
fertilization rate, irrigation versus dryland, and a time trend. 
Additional information on how the individual yields are determined 
can be found in Meister and Nicol (1975). 
The three yield levels used in this study are determined by using 
three different time trend values. For the low yields, the time trend 
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value for the year 1985 is used; for the medium yields, the time trend 
value for the year 2000 is used; and for the high yields, the time 
trend value for the year 2015 is used. These levels of yields are 
then assumed to occur in the year 2000 instead of the year they arc 
computed for. The final national average yield for each crop is a 
function of the activities that are in the solution of the model. As 
will be seen below in the discussions of the results for the different 
scenarios, the difference between the national average yields depends 
upon the assumptions made about land availability. 
Potential land areas 
The three levels of future cropland area are developed as a 
function of the amount of land the Soil Conservation Service (SCS) 
has classified as having a potential for conversion to cropland. 
The low cropland is developed by assuming that none of the land with 
a potential for conversion is converted by the year 2000. The total 
cropland area available for the low level is about 353 million acres. 
The available land is derived from the 1977 cropland base of 413 
million acres as documented in English, Alt, and Heady (1982). The 
medium level of cropland area allows for the conversion of the 
approximately 36 million acres SCS has classified as having a high 
potential for conversion to cropland. The high level of cropland 
area allows for the conversion of the approximately 127 million acres 
SCS has classified as having a high or medium potential for conversion. 
If land is converted, a cost is incurred which increases the cost of 
production. The cost of conversion and the distribution to the 
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producing areas of the land with a potential for conversion to cropland 
is provided by Gray (1979). 
Scenarios 
The seven scenarios used in this study are: 
a) LYML - low yields with the possibility of converting the 
high potential land; 
b) LYHL - low yields with the possibility of converting the 
high and medium potential land; 
c) MYLL - medium yields with no land conversion; 
d) MYML - medium yields with the possibility of converting the 
high potential land; 
e) MYHL - medium yields with the possibility of converting the 
high and medium potential land; 
f) HYLL - high yields with no land conversion; and 
g) HYML - high yields with the possibility of converting the 
high potential land. 
For LYML, the starting demand quantities presented in Table 8 are 
lowered by 10 percent to obtain a feasible linear programming solution 
on the first iteration. 
The results for MYML are used as a basis for comparison purposes. 
MYML has the level of yields and land area that are often used in other 
CARD studies. Table 9 gives the iterations for which results are 
presented. The results are presented for the approximate equilibrium 
solution along with two other points. The first point chosen is the 
first iteration. The results on the first iteration are the same as 
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Table 9. Iteration numbers corresponding to FIXED, MIDDLE, and 
FLEXIBLE for each scenario 
FIXED MIDDLE FLEXIBLE 
Scenario iteration iteration iteration 
LYML 1 7 15 
LYHL 1 5 10 
MYLL 1 4 9 
MYML 1 5 10 
M7HL 1 7 15 
HYLL 1 5 11 
HYML 1 5 10 
those obtained by running just the linear programming model v^ ith 
fixed demands equal to the starting demands. The second point chosen 
is a middle iteration. A middle iteration is chosen to show how the 
adjustments are occurring and to see which crops stabilize quickly 
to their approximate equilibrium points. The iterations are labeled 
FIXED, MIDDLE, and FLEXIBLE for the first, middle, and equilibrium 
iterations, respectively. 
LTML and I-fiKL are assumed to have converged after 15 iterations. 
Both these scenarios were trying to converge on steps in the supply 
functions of at least one crop. The results for the 15 iterations 
are presented here as the approximate equilibrium solutions because 
they are close to the actual solution. Thoughts on how to solve the 
problem of oscillations about steps in the supply function are given 
in the discussion of the limitations of the study in Chapter V. 
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MYML 
The results for the medium yield and medium land area scenario, 
MYML, are given in Tables 10 through 13. The changes in the solution 
values for FIXED versus FLEXIBLE are relatively small in most cases. 
In fact, small changes are expected for this scenario since the 
starting demand quantities are based on prices that are very close 
to the final equilibrium prices reported in Table 11. (See Table 8 
for starting prices.) The change in total quantity in moving from 
FIXED to FLEXIBLE is less than 10 percent for all the crops except 
oats. There are, however, some reallocations within a crop among 
the disaggregated demand quantities. In addition, the changes from 
MIDDLE to FLEXIBLE are very small. The price of oats from the 
linear programming model is much higher than historical prices. The 
average price of oats for the time period used to estimate the demand 
equations is $1.18 per bushel. The equilibrium price of oats is 
projected by the model to be $1.53 per bushel, about 30 percent 
higher than the historical average. Therefore, the changes in the 
three demand quantities for oats are quite large. 
The excess demand quantity as a percent of the demand quantity 
for the equilibrium solution is also given in Table 10. Eleven out 
of 17 of the excess demand quantities are less than 0.005 percent 
of the demand quantity. The largest excess demand quantity occurs 
for sorghum food demand. 
The average yields for each crop are given in Table 12 for MYML. 
The iterative process affects the crop yields in addition to the 
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Table 10. Estimated quantities for exports, feed, food, and total 
demand for barley, corn, oats, sorghum, wheat, and soybeans 
in 2000 under medium yield and medium land base scenario, 
ÎÎYML, for three iterations of model^  and the value of the 
convergent check for the last iteration 
Crop Demand FIXED MIDDLE FLEXIBLE CHECK^  
million million million percent 
bushels bushels bushels 
Barley Export 28.47 23.37 23.16 -0.04 
Barley Feed 376.32 399.10 397.85 -0.01 
Barley Food 176.15 176.06 176.11 0.00 
Barley Total 600.96 618.04 616.59 c 
Corn Export 3,295.53 3,313.82 3,315.18 0.00 
Corn Feed 5 34 2  ^ 5,162.96 5,164.62 0.00 
Corn Food 684.40 696.44 697.33 0.00 
Corn Total 9,134.16 9,193.76 9,197.68 
Oats Export 11.21 0.00 0.00 0.00 
Oats Feed 575.29 360.63 360.64 0.03 
Oats Food 57.13 54.83 54.78 -0.00 
Oats Total 671.57 432,38 432.34 
Sorghum Export 207.59 178.50 176.49 -0.03 
Sorghum Feed 1,283.04 1,227.50 1,224.04 -0.01 
Sorghum Food 10.28 2.92 2.46 -0.54 
Sorghum Total 1,503.94 1,411.77 1,141.12 
Wheat Export 1,129.11 1,140.06 1,405.84 0.00 
Wheat Feed 159.52 153.97 153.79 -0.00 
Wheat Food 520.22 522.24 522.46 0.00 
Wheat Total 1,873.22 1.880.85 1.882.08 — —  
Soybeans Export 1,885.44 1,890.56 1,891.09 0.00 
Soybeans Feed 1,191.28 1,210.73 1,209.97 -0.00 
Soybeans Total 3,122.96 3,147.20 3,147.06 
^Totals include production for seed use. 
^If value is 0.00 or -0.00, the absolute value of the actual 
value is less than 0.005. 
"^No check is computed for totals. 
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Table 11. Estimated prices in 1975 dollars for crops in 2000 under 
medium yield and medium land area scenario, MYML, for 
three iterations of model 
Crop Units FIXED MIDDLE FLEXIBLE 
Barley $/bushel I. 91 1. 85 1. ,85 
Com do. 1. ,96 1. 95 1. ,95 
Oats do. 1. 71 1. 53 1. 53 
Sorghum do. 2, ,28 2. 27 2. 27 
Wheat do. 2. ,93 2. 88 2. 88 
Soybeans do. 4, .41 4, .38 4. 37 
Com silage $/ton 15. 57 15, .47 15. 46 
Sorghum silage do. 13. 00 13 .82 13, .81 
Legume hay do. 49, .06 49, .20 49, .16 
Other hay do. 54, .92 53 .99 53 .93 
Cotton $/bale 201 .82 200 .69 200 .57 
Table 12. Estimated yield per acre for crops in 2000 under medium 
yield and medium land area scenario, MYML, for three 
iterations of model 
Crop Units FIXED MIDDLE FLEXIBLE 
Barley bushels 51. ,76 54. ,63 54. ,61 
Com do. 111. 67 109. 04 109. 05 
do. 62. .29 66. .22 66. 23 
Sorghum do. 60. 21 60, .11 60. 06 
Wheat do. 35. 64 35. 67 35, .67 
Soybeans do. 34, .25 34, .71 34, .70 
Corn silage tons 15, .18 14, .95 14, .95 
Sorghum silage do. 8, .78 8, .78 8 .78 
Legume hay do. 3 .63 3 .60 3 .60 
Other hay do. 2 .19 2, .19 2 .19 
Cotton bales 1 .17 1 .17 1 .17 
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Table 13. Estimated planted acres for crops, total land cropped, area 
of 1977 cropland used, and amount of land converted to 
cropland for 2000 under medium yield and medium land area 
scenario, MYML, for three iterations of model 
Crop FIXED MIDDLE FLEXIBLE 
million acres million acres million acres 
Barley 11.61 11.31 11.29 
Corn 81.79 84.31 84.34 
Oats 10.78 6.53 6.53 
Sorghum 24.98 23.49 23.41 
Wheat 52.55 52.73 52.76 
Soybeans 91.17 90.68 90.69 
Corn silage 6.74 6.84 6.84 
Sorghum silage .75 .75 .75 
Legume hay 22.63 22.81 22.81 
Other hay 33.03 32.99 33.00 
Cotton 15.13 15.18 15.18 
Fallow 29.91 32.26 32.29 
Total land use 381.08 379.90 379.90 
1977 cropland 352.72 352.30 352.30 
High potential 
conversion 28.36 27.60 27.60 
Medium potential 
conversion 0.00 0.00 0.00 
prices and quantities. Yields are influenced because as the quantities 
change, the amount of land required for production changes. As more 
(less) land is required, poorer (better) and poorer (better) yielding 
land will be used causing average yields to fall (rise). Also, the 
combination of crops in rotations can change causing yield changes. 
The amount of land required for the production of each crop 
is given in Table 13. The total amount of cropland used is 379.90 
million acres. Of this amount, 27.60 million acres comes from the 
conversion of land with a high potential for conversion to cropland. 
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The value of the iterative model is seen when alternative 
scenarios are examined. Both final equilibrium prices and quantities 
for the other scenarios are compared to the ones for MYML. 
LYML 
The results for the low yield and medium land area scenario, 
LYML, are given in Tables 14 through 17. The LYML model does not 
converge because of oscillations around steps in the barley, oats, 
and sorghum supply functions. The demands which fail to meet the 
convergent criteria are barley export, oats feed, and sorghum food. 
See Table 14. The price step for barley, oats, and sorghum is 9.5, 
7.5, and 10.0 cents per bushel, respectively. The price steps cause 
a gap in total demand of about 0.66, 17.90, and 2.64 million bushels 
for barley, oats, and sorghum, respectively. The changes in the 
various values from FIXED to FLEXIBLE are larger for this scenario. 
The starting values are lowered 10 percent for this scenario only. 
Otherwise, an infeasible solution occurred for the linear programming 
sector of the model. 
The yields for LYML are lower than those for MYML at an activity 
level in the linear programming model. The change in the average 
national yields between the FLEXIBLE solutions of the two scenarios 
is surprising, however. For barley, sorghum, soybeans» legume hay. 
and other hay, fields fell by more than 10 percent. On the other 
hand, the average national yield for oats actually increases by more 
than 20 percent. This increase is the result of the large decline 
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Table 14. Estimated quantities for exports, feed, food, and total 
demand for barley, corn, oats, sorghum, wheat, and soybeans 
in 2000 under low yield and medium land area scenario, 
LYML, for three iterations of model^  and the value of the 
convergent check for the last iteration 
Crop Demand FIXED MIDDLE FLEXIBLE CHECK^ 
million million million percent 
bushels bushels bushels 
Barley Export 25.63 48.16 52.07 1.08 
Barley Feed 338.69 361.86 360.06 -0.04 
Barley Food 158.53 156.77 157.04 -0.28 
Barley Total 543.82 590.07 592.61 c 
Com Export 2,965.97 3,170.37 3,172.66 -0.02 
Corn Feed 4,620.83 5,206.24 5,215.97 0.02 
Corn Food 615.96 607.89 604.00 -0.14 
Com Total 8,222.61 9,005.80 9,013.96 
Oats Export 10.09 0.00 0.00 0.00 
Oats Feed 517.76 215.81 154.73 -2.02 
Oats Food 51.42 68.01 55.61 -0.09 
Oats Total 602.32 293.44 216.79 
Sorghum Export 186.84 149.28 141.97 -0.46 
Sorghum Feed 1,154.73 1,219.23 1,220.02 -0.01 
Sorghum Food 9.25 0.78 0.21 -21.98 
Sorghum Total 1,353.40 1,372.06 1,364.94 — 
Wheat Export 1,016.20 972.51 967.10 -0.09 
Wheat Feed 143.57 144.56 145.77 -0.12 
Wheat Food 468.20 490.08 490.28 -0.02 
Total 1 589.74 1,667.96 1,662.76 — 
Soybeans Export 1^ 96.91 1,747.53 1,747.32 -0.05 
Soybeans Feed 1,072.15 1,157.04 1,178.24 -0.02 
Soybeans Total 2,819.80 2,958.82 2,980.28 — 
^Totals include production for seed use. 
I^f value is 0.00 or -0.00, the absolute value of the actual 
value is less than 0.005. 
^No check is computed for totals. 
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Table 15. Estimated prices in 1975 dollars for crops in 2000 under 
low yield and medium land base scenario, LYML, for three 
iterations of model 
Crop Units FIXED MIDDLE FLEXIBLE 
Barley $/bushel 2, .52 4. ,08 4. .09 
Com do. 2. ,51 3, ,80 3. 83 
Oats do. 2. ,08 2 .  87 2 .  87 
Sorghum do. 2 ,  .88 4. 53 4, .56 
Wheat do. 3. 73 6. 09 6, .10 
Soybeans do. 6. ,06 9. 58 9, .70 
Corn silage $/ton 18, .65 26. 86 27. 04 
Sorghum silage do. 16, .90 28 .01 28 .61 
Legume hay do. 61, .45 94 .08 94 .77 
Other hay do. 78 .56 131 .89 133 .21 
Cotton $/bale 225 .81 297 .44 298 .42 
Table 16. Estimated yield per acre for crops in 2000 under low 
yield and medium land area scenario, LYML, for three 
iterations of model 
Crop Units FIXED MIDDLE FLEXIBLE 
Barley bushels 44.71 42.57 43.59 
Corn do. 101.16 102.82 102.81 
Oats do. 67.69 79.03 87.08 
Sorghum do. 63.27 59.31 59.60 
Wheat do. 33.50 34.00 34.16 
Soybeans do. 28.19 27.66 27.62 
Corn silage ton 14.18 14.00 13.97 
Sorghum silage do. 8.19 8.59 8.62 
Legume hay do. 3.32 3.21 3.20 
Other hay do. 1.89 1.90 1.90 
Cotton bales 1 = 01 1.13 1.12 
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Table 17. Estimated planted acres for crops, total land cropped, 
area of 1977 cropland used, and amount of land converted 
to cropland for 2000 under low yield and medium land area 
scenario, LYML, for three iterations of model 
Crop FIXED MIDDLE FLEXIBLE 
million acres million acres million acres 
Barley 12.16 13.88 13.60 
Corn 81.29 87.59 87.67 
Oats 8.90 3.71 2.49 
Sorghum 21.39 23.14 22.90 
Wheat 50.44 49.06 48.68 
Soybeans 100.03 106.97 107.89 
Corn silage 7.22 7.54 7.56 
Sorghum silage .80 .39 .38 
Legume hay 24.75 25.63 25.65 
Other hay 38.37 38.58 38.58 
Cotton 17.56 15.64 15.87 
Fallow 23.14 16.77 17.61 
Total land use 386.04 388.89 388.89 
1977 cropland 352.79 352.90 352.90 
High potential 
conversion 33.25 35.99 35.99 
Medium potential 
conversion 0.00 0.00 0.00 
in cats production. allowing oats to be produced only on the more 
fertile producing areas where yields are naturally better. 
The effect of the lower activity yields on the approximate 
equilibrium prices and quantities is the main concern. The change 
in equilibrium prices from MYML to LYML ranges from +88 percent for 
oats to +122 percent for soybeans. The change in supply prices for 
the crops with fixed demands ranges from +49 percent for cotton to 
+147 percent for other hay. A comparison of the FIXED prices should 
not be made since the starting demand quantities are not the same. 
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The changes in equilibrium quantities are much smaller than the 
changes in equilibrium prices. Equilibrium quantities change less 
because a large portion of the demands is feed demand. Even though 
feed demands are price responsive, the changes in feed demand are 
small because the feed demands are predominantly a function of 
livestock production which is fixed in this study. In addition, 
several of the feed demand equations contain relative crop prices 
so if both prices increase the same amount, no change in feed demand 
will occur. For example, since the soybean price increases more 
than the corn price, the demand for corn for feed actually increases 
when LYML is compared to MYML. 
The quantity of land required to produce the crops for LYML is 
given in Table 17. The total land requirement is 388.89 million 
acres, an increase of almost 9 million acres compared to MYML. 
Additional conversion of rural lands with a high potential for 
conversion accounts for 93 percent of the increase. Soybean production 
requires the largest increase in land use, an increase of 17.21 
million acres. Wheat acreage declines about 4 million acres and 
summer fallow of wheat land declines about 13.5 million acres. The 
large decline in summer fallow occurs because the land base is being 
pushed to its limits to meet the crop production demands. A low yield -
low land area scenario is not attempted because the results for LYML 
suggest the land base would be very constraining. 
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LYHL 
The results for the low yield and high land area scenario, LYHL, 
are given in Tables 18 through 21. A decrease in the yields and an 
increase in the land area from MYML results in higher prices, lower 
total quantities, lower national average yields, and a larger area 
of land use. 
The change in equilibrium prices from MYML to LYHL ranges from 
+19 percent for wheat to +28 percent for soybeans. The change in 
supply prices for the roughages, hay, and silage ranges from +12 
percent to +30 percent and for cotton, +8 percent. The change in 
prices for FLEXIBLE averages about 2 percent less than the change in 
prices for FIXED. This smaller increase in price is the result of 
allowing crop demands to adjust as prices change. 
Since the change in prices is smaller for LYHL than the change 
was for LYML, the change in quantities is also smaller. The smaller 
price and quantity changes occur because of the increase in the land 
area. LYHL uses a total of 430.54 million acres for crop production 
compared to 379.90 million acres for MYMH for the equilibrium solu­
tion. Most of the increase comes from the conversion of rural lands 
with a medium potential for conversion to cropland. There is an 
increase of 16 million acres, 13 million acres for other hay, and 
10 million acres for corn when LYHL is compared to MYMH. An increase 
in the cropland area by converting more noncropland to cropland 
reduces the impacts of the lower yields. 
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Table 18. Estimated quantities for exports, feed, food, and total 
demand for barley, corn, oats, sorghum, wheat, and soybeans 
in 2000 under low yield and high land area scenario, LYHL, 
for three iterations of model® and the value of the con­
vergent check for the last iteration 
Crop Demand FIXED MIDDLE FLEXIBLE CHECK^  
million million million percent 
bushels bushels bushels 
Barley Export 28.47 33.04 33.54 -0.02 
Barley Feed 376.32 388.39 389.27 0.01 
Barley Food 176.15 172.36 172.30 -0,00 
Barley Total 603.44 615.85 617.20 __c 
Corn Export 3,295.53 3,283.85 3,283.95 0.00 
Corn Feed 5,134.25 5,185.30 5,188.22 0.00 
Corn Food 684.40 676.72 676.77 0.00 
Corn Total 9,136,68 9,168.79 9,171.86 
Oats Export 11.21 0.00 0.00 0.00 
Oats Feed 575.29 315.80 306.95 -0.09 
Oats Food 57.13 54.88 54.76 -0.01 
Oats Total 669.49 384.96 375.59 
Sorghum Export 207.59 174.34 171.36 -0.05 
Sorghum Feed 1,283.04 1,231.00 1,227.42 -0.01 
Sorghum Food 10.28 3.33 2.83 -0.56 
Sorghum Total 1,503.93 1,411.62 1,404.58 
Wheat Export 1,129.11 1,110.17 1,110.20 0,00 
Wheat Feed 159.52 155.00 154.93 -0.01 
Wheat Food 520.22 516.73 516.74 0.00 
T.JV Total 1.879.09 1.850.87 1,850.84 
Soybeans Export 1,885.44 1,858.59 1,857.70 -0.00 
Soybeans Feed 1,191.28 1,199.75 1,199.27 0.00 
Soybeans Total 3,132.53 3,112.46 3,111.07 
^Totals include production for seed use. 
^If value is 0.00 or -0.00, the absolute value of the actual 
value is less than 0.005. 
^No check is computed for totals. 
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Table 19. Estimated prices in 1975 dollars for crops in 2000 under 
low yield and high land area scenario, LYHL, for three 
iterations of model 
Crop Units FIXED MIDDLE FLEXIBLE 
Barley $/bushel 2, ,42 2. ,29 2. ,29 
Corn do. 2. ,42 2. ,36 2. ,36 
Oats do. 2, ,02 1. 85 1. 84 
Sorghum do. 2, .74 2. ,70 2. 70 
Wheat do. 3. 61 3, .45 3. 45 
Soybeans do. 5, .76 5. 61 5, .60 
Corn silage $/tons 17. 67 17, .33 17, .31 
Sorghum silage do. 15, .44 16, .16 16, .15 
Legume hay do. 58. 26 57, .30 57, .25 
Other hay do. 72 .74 70 .36 70 .27 
Cotton $/bale 220 .42 217 .54 217 .54 
Table 20. Estimated yield per acre for crops in 2000 under low yield 
and high land area scenario, LYHL, for three iterations 
of model 
Crop Units FIXED MIDDLE FLEXIBLE 
Barley bushels 46.24 48.14 48.19 
Corn do. 98.44 96.93 96.93 
Oats do. 67.09 69.86 70.17 
Sorghum do. 60.57 58.36 58.01 
Wheat do. 32.76 32.86 32.86 
Soybeans do. 28.46 29.16 29.17 
Corn silage tons 14.22 14.10 14.10 
Sorghum silage do. 8.19 8,19 8.19 
Legume hay do. 3.26 3.27 3.27 
Other hay do. 1.87 1.88 1.88 
Cotton $/bale 1.00 1.00 1,00 
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Table 21, Estimated planted acres for crops, total land cropped, 
area of 1977 cropland used, and amount of land converted 
to cropland for 2000 under low yield and high land area 
scenario, LYHL, for three iterations of model 
Crop FIXED MIDDLE FLEXIBLE 
million acres million acres million acres 
Barley 13.05 12.79 12.81 
Corn 92.81 94.60 94.63 
Oats 9.98 5.51 5.35 
Sorghum 24.83 24.19 24.21 
Wheat 57.35 56.32 56.32 
Soybeans 110.06 106.73 106.67 
Corn silage 7.20 7.26 7.26 
Sorghum silage ,80 .80 .80 
Legume hay 25.19 25.17 25.16 
Other hay 46,65 45.84 45.83 
Cotton 17.84 17.82 17.82 
Fallow 29.58 33.51 33.57 
Total land use 435.35 430,54 430.43 
1977 cropland 352.79 352,79 352.79 
High potential 
conversion 32.08 30.98 29,95 
Medium potential 
conversion 50.47 47.77 47.69 
MYLI 
The results for the medium yield and low land area scenario, 
MYLL, are given in Tables 22 through 25. The differences between 
MYLL and MYML equilibrium prices and quantities are greater than the 
differences between LYLH and MYML. The large differences occur 
because the decrease in the land base is not made up by the increase 
in crop yields. 
The advantage of using the iterative model based on the tâtonnement 
process over the linear programming model can be seen by comparing the 
prices in Table 23 for the FIXED and FLEXIBLE columns. By letting the 
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Table 22. Estimated quantities for exports, feed, food, and total 
demand for barley, corn, oats, sorghum, wheat, and soybeans 
in 2000 under medium yield and low land area scenario, 
I-rfLL, for three iterations of model^ and the value of the 
convergent check for the last iteration 
Crop Demand FIXED MIDDLE FLEXIBLE CHECK^  
million million million percent 
bushels bushels bushels 
Barley Export 28.47 31.42 28.60 0.04 
Barley Feed 376.32 379.02 379.81 0.01 
Barley Food 176.15 168.74 169.63 0.03 
Barley Total 603.45 598.77 597.47 c 
Corn Export 3,295.53 3,263.40 3,273.36 0.01 
Corn Feed 5,134.25 5,181.12 5,190.41 0.00 
Corn Food 684.40 663.26 669.82 0.03 
Corn Total 9,133.35 9,127.27 9,153.13 
Oats Export 11.21 0.00 0.00 0.00 
Oats Feed 575.29 303.40 256.49 -0.01 
Oats Food 57.13 56.81 55.12 —0,08 
Oats Total 668.09 373.48 322.82 — 
Sorghum Export 207.59 176.41 177.16 -0.06 
Sorghum Feed 1,283.04 1,230.46 1,224.75 -0.01 
Sorghum Food 10.28 1.97 2.26 0.95 
Sorghum Total 1,503.70 1,411.27 1,406.62 — 
Wheat Export 1,129.11 1,069.65 1,081.14 0.03 
Wheat Feed 159.52 148.08 145.57 -0,04 
Wheat Food 520.22 509.26 511.45 0.01 
T.JT-» 22^ " Total 1:869.08 1:785.54 1.796.88 — —  
Soybeans Export 1,885.44 1^843.37 1,847.94 0.01 
Soybeans Feed 1,191.28 1,208.51 1,207.92 -0.03 
Soybeans Total 3,125.74 3,099.61 3,103.58 
totals include production for seed use. 
^If value is 0.00 or -0,00, the absolute value of the actual 
value is less than 0.005. 
^No check is computed for totals. 
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Table 23. Estimated prices in 1975 dollars for crops in 2000 under 
medium yield and low land area scenario, MYLL, for three 
iterations of model 
Crop Units FIXED MIDDLE FLEXIBLE 
Barley $/bushel 4. 15 2. 66 2. ,59 
Corn do. 3. 69 2. 52 2, ,50 
Oats do. 3. 78 2. 12 2. ,02 
Sorghum do. 4. 45 2. 92 2, .89 
Wheat do. 6, .43 4, .03 3. 98 
Soybeans do. 9 .06 5, .95 5, .96 
Corn silage $/tons 28 .45 19, .70 19. 59 
Sorghum silage do. 27 .18 18, .01 18, .08 
Legume hay do. 93 .87 64, .33 64, .22 
Other hay do. 120 .58 75 .53 74, .84 
Cotton . $/bales 297 .34 232 .57 230, .55 
Table 24. Estimated yield per acre for crops in 2000 under medium 
yield and low land area scenario, MYLL, for three itera­
tions of model 
Crop Units FIXED MIDDLE FLEXIBLE 
Barley 46. ,23 52 . /O 53. ,04 
Corn do. 117. ,01 114 .47 114. ,42 
Oats do. 70. ,78 72 .95 74. 66 
Sorghum do. 64. 88 70 .81 70, .27 
Wheat do. 38, .02 37 .35 37. 43 
Soybeans do. 32, .34 32 .94 32, .98 
Corn silage tons 15, .18 14 .91 14, .90 
Sorghum silage do. 9, .38 8 .89 8 .89 
Legume hay do. 3 .61 3 .68 3 .69 
Other hay do. 2 .40 2 .19 2 .19 
Cotton bales 1 .50 1 .16 1 . 16 
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Table 25. Estimated planted acres for crops, total land cropped, 
area of 1977 cropland used, and amount of land converted 
to cropland for 2000 under medium yield and low land 
area scenario, MYLL, for three iterations of model 
Crop FIXED MIDDLE FLEXIBLE 
million acres million acres million acres 
Barley 13.05 11.36 11.26 
Corn 78.06 79.73 80.00 
Oats 9.44 5.12 4.32 
Sorghum 23.18 19.93 20.02 
Wheat 49.16 47.80 48.00 
Soybeans 96.66 94.10 94.11 
Com silage 6 .86 6.86 6.87 
Sorghum silage .51 .74 .74 
Legume hay 22.76 22.34 22.29 
Other hay 25.74 28.55 28.56 
Cotton 11.85 15.35 15.35 
Fallow 15.64 20.90 21.27 
Total land use 352.90 352.79 352.79 
1977 cropland 352.90 352.79 352.79 
High potential 
conversion 0.00 0.00 0.00 
Medium potential 
conversion 0.00 0.00 0.00 
demands adjust to the change in prices , the change in prices from 
MYML to MYLL is much smaller. For corn, the shadow price changes 
from $1.96 to $3.69 under fixed demands, an 88.3 percent increase. 
On the other hand, with flexible demands the equilibrium price 
increases from $1.95 to $2.50 per bushel, only a 28.2 percent increase. 
The same price effects can be seen for the other crops, including the 
roughages and cotton which have fixed demands. The allowance for 
grain demand changes as grain price changes not only gives a better 
picture for the grains but also for the roughages and cotton. 
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The size of the land base has an influence on the average national 
crop yields. The crop yields are the same for MYLL and MYML at the 
activity level in the linear programming sector of the model. The 
average crop yields, however, are as much as 17 percent different, 
the difference in sorghum yields at the equilibrium point. The 
change occurs because with the smaller land base, some of the crops 
must be grown on the least fertile producing areas. A total of 352.79 
million acres of cropland are used by MYLL compared to the 379.90 
million acres used by MYML. 
MYHL 
The results for the medium yield and high land area scenario, 
MYHL, are given in Tables 26 through 29. The î-rfKL model did not 
converge but oscillated around a 0.14ç price step in the oats supply 
function. This step is large enough to cause a 2.0 million bushel 
gap in total oats demand, most of it in feed demand. Oats export 
demand is the only demand that fails to meet the convergence criteria. 
Oats export demand is so small that it can essentially be ignored. 
The equilibrium demand quantities are slightly larger for MYHL compared 
to MYML. The change in equilibrium prices ranges from -15.7 percent 
for barley to -10.8 percent for corn. The change in supply prices 
ranges from -12.7 percent for sorghum silage to -6.2 percent for 
cotton. 
The differences between FIXED and FLEXIBLE values for MYHL are 
small. The differences are small because the supply curves are 
relatively flat for MYHL. The supply curves have a small slope 
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Table 26. Estimated quantities for exports, feed, food, and total 
demand for barley, corn, oats, sorghum, wheat, and soybeans 
in 2000 under medium yield and high land area scenario, 
MYHL, for three iterations of model& and the value of the 
convergent check for the last iteration 
Crop Demand FIXED MIDDLE FLEXIBLE CHECK^ 
million million million percent 
bushels bushels bushels 
Barley Export 28.47 21.75 21.62 -0.00 
Barley Feed 376.32 410.96 410.52 0.08 
Barley Food 176.15 178.65 178.68 0.00 
Barley Total 600.89 631.83 631.27 c 
Corn Export 3,295.53 3,330.84 3,331.40 0.00 
Corn Feed 5,134.25 5,150.87 5,151.16 0.00 
Com Food 684.40 707.63 708.01 0.00 
Corn Total 9,134.61 9,210.01 9,211.24 
Oats Export 11.21 1.03 1.24 -6.23 
Oats Feed 575.29 403.25 403.65 -0.30 
Oats Food 57.13 54.64 54.63 -0.02 
Oats Total 674.29 478.94 479.58 
Sorghum Export 207.59 179.46 179.10 -0.00 
Sorghum Feed 1,283.04 1,227.93 1,227.09 -0.00 
Sorghum Food 10.28 3.09 2.98 -0.01 
Sorghum Total 1,503.80 1,413.18 1,411.86 — 
Wheat Export 1,129.11 1,163.87 1,164.28 0.00 
Wheat Feed 159.52 158.96 158.82 -0.00 
Wheat Food 520.22 526.63 526.71 0.00 
wheat Total 1,872.90 1,914.00 1,914.36 — 
Soybeans Export 1,885.44 1,907.24 1,907.59 0.00 
Soybeans Feed 1,191.28 1,210.25 1,210.13 0.01 
Soybeans Total 3,122.13 3,163.41 3,163.64 — 
T^otals include production for seed use. 
I^f the value is 0.00 or -0.00, the absolute value of the actual 
value is less than 0.005. 
^No check is computed for totals. 
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Table 27. Estimated prices in 1975 dollars for crops in 2000 under 
medium yield and high land base scenario, MYHL, for three 
iterations of model 
Crop Units FIXED MIDDLE FLEXIBLE 
Barley $/bushel 1. ,54 1. ,56 1. 56 
Com do. 1. ,74 1. ,74 1. ,74 
Oats do. 1. 43 1. ,34 1. ,34 
Sorghum do. 1, .99 1. ,99 1. ,99 
Wheat do. 2. 45 2. 45 2, .45 
Soybeans do. 3, .75 3, .76 3. 76 
Corn silage $/ ton 13, .96 13, .94 13, .94 
Sorghum silage do. 11, .61 12, .05 12, .05 
Legume hay do. 43 .35 43 .85 43, .84 
Other hay do. 48 .61 48 .69 48 .69 
Cotton $/bale 188 .23 188 .05 188 .05 
Table 28. Estimated yield per acre for crops in 2000 under medium 
yield and high land base scenario, MYHL, for three itera­
tions of model 
Crop Units FIXED MIDDLE FLEXIBLE 
Barley bushels 51. 95 53. , 23 53. .23 
Corn do. 108. ,75 108, .43 108. ,43 
Oats do. 56. 99 62. 04 62, ,00 
Sorghum do. 63, ,22 63. 89 63. 91 
Wheat do. 35. ,82 36. 33 36, .33 
Soybeans do. 34. 87 34, .94 34, .94 
Corn silage tons 14, .96 14, .94 14 .94 
Sorghum silage do. 8, .78 8, .78 8, .78 
Legume hay do. 3, .47 3 .49 3 .49 
Other hay do. 2 .23 2 .23 2 .23 
Cotton bales 1, .20 1 . 20 1 • 20 
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Table 29. Estimated planted acres for crops, total land cropped, 
area of 1977 cropland used, and amount of land converted 
to cropland for 2000 under medium yield and high land 
area scenario, KYHL, for three iterations of model 
Crop FIXED MIDDLE FLEXIBLE 
million acres million acres million acres 
Barley 11.57 11.87 11.86 
Com 84.00 84.94 84.95 
Oats 11.83 7.72 7.73 
Sorghum 23.79 22.12 22.09 
Wheat 52.29 52.69 52.70 
Soybeans 89.55 90.55 90.55 
Corn silage 6.84 6.85 6.85 
Sorghum silage .75 .75 .75 
Legume hay 23.70 23.58 23.58 
Other hay 35.97 35.85 35.85 
Cotton 14.85 14.85 14.85 
Fallow 38.25 36.61 36.62 
Total land use 393.38 388.36 388.39 
1977 cropland 345.14 341.39 341.37 
High potential 
conversion 19.79 19.74 19.74 
Kedium potential 
conversion 28.45 27.24 27.28 
because the scenario has a very large land base which allows production 
over the relevant range of the supply curves on the most fertile 
lands. The total land area used in KYHL is 388.39 million acres with 
19.74 million acres being land converted to cropland from the rural 
lands with a high potential for conversion and 27.28 million acres 
being land converted to cropland from the medium potential lands. 
Under these conditions, 11.5 million acres of the 1977 cropland base 
are left idle and 16.25 million acres of the high potential land 
available for conversion to cropland are left unconverted. 
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HYLL 
The results for the high yield and low land area scenario, HYLL, 
are given in Tables 30 through 33. The change in equilibrium prices 
from MYML to HYLL ranges from -22.9 percent for soybeans to -13.7 
percent for oats. The change in supply prices ranges from -21.0 
percent for other hay to -7.5 percent for cotton. The change in 
total equilibrium quantities ranges from +0.2 percent for corn to 
+23.5 percent for sorghum. 
The average national yields are larger under HYLL than under 
MYML for all of the crops except oats, which shows a 9.3 percent 
decline. The average corn yield increases from 109.05 bushels per 
acre for MYML to 121.58 bushels per acre for HYLL. Barley, wheat, 
and soybeans also show large yield Increases. 
With the higher yields, a smaller amount of land is needed for 
crop production. Only 345.37 million acres of the 1977 cropland area 
are needed to meet equilibrium crop demands. About 7.5 million acres 
of the 1977 cropland area projected to be available in 2000 can be 
left idle. The total land area used is 34.53 million acres less 
under HYLL than under MYML. 
HYML 
The résulté for the high yield and medium land area, HYML, are 
given in Tables 34 through 37. HYML has the lowest equilibrium prices. 
The equilibrium prices are lower because the yields are higher. Since 
the yields are large, only 344.04 million acres of the land area 
available are used. A total of 17.97 million acres of high potential 
65 
Table 30. Estimated quantities for exports, feed, food, and total 
demand for barley, corn, oats, sorghum, wheat, and soybeans 
in 2000 under high yield and low land area scenario, HYLL, 
for three iterations of model® and the value of the con­
vergent check for the last iteration 
Crop Demand FIXED MIDDLE FLEXIBLE CHECK^ 
million million million percent 
bushels bushels bushels 
Barley Export 28.47 17.83 16.85 -0.10 
Barley Feed 376.32 419.88 419.53 -0.00 
Barley Food 176.15 179.48 179.64 0.00 
Barley Total 598.15 635.29 634.09 c 
Corn Export 3,295.53 3,340.11 3,343.03 0.00 
Corn Feed 5,134.25 5,143.03 5,143.50 0.00 
Corn Food 684.40 713.73 715.66 0.00 
Corn Total 9,132.24 9,215.24 9,220.56 
Oats Export 11.21 0.42 .81 0.87 
Oats Feed 575.29 388.19 381.67 -0.02 
Oats Food 57.13 54.47 54.36 -0.00 
Oats Total 673.47 462.77 456.11 
Sorghum Export 207.59 182.50 182.24 -0.00 
Sorghum Feed 1,283.04 1,225.15 1,222.33 -0.00 
Sorghum Food 10.28 2.82 2.45 -0.23 
Sorghum Total 1,503.88 1,413.26 1,409.79 — 
Wheat Export 1,129.11 1,170.42 1,173.04 0.00 
Wheat Feed 159.52 156.33 156.03 -0.00 
Wheat Food 520.22 527.84 528.32 0.00 
Wheat Total 1,867.15 1,914.43 1,917.33 
Soybeans Export 1,885.44 1,916.36 1,918.41 0.00 
Soybeans Feed 1,191.28 1,217.28 1,218.20 0.00 
Soybeans Total 3,116.69 3,174.18 3,177.15 — 
^Totals include production for seed use. 
^If value is 0.00 or -0.00, the absolute value of the actual 
value is less than 0.005. 
^No check is computed for totals. 
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Table 31. Estimated prices in 1975 dollars for crops in 2000 under 
high yield and low land base scenario, HYLL, for three 
iterations of model 
Crop Units FIXED MIDDLE FLEXIBLE 
Barley $/bushel 1. 42 1. ,45 1. ,45 
Com do. 1. 58 1. 58 1. 58 
Oats do. 1. ,37 1. ,32 1. ,32 
Sorghum do. 1. 88 1. ,86 1. .86 
Wheat do. 2. ,29 2. ,29 2, ,29 
Soybeans do. 3. 35 3. ,37 3, .37 
Corn silage $/ton 13. 21 13. 23 13. 23 
Sorghum silage do. 11. 12 11. 22 11, .22 
Legume hay do. 40. 95 41. 13 41 .13 
Other hay do. 42. 62 42 .60 42, .60 
Cotton $/bale 185 .81 185 .47 185 .47 
Table 32. Estimated yield per acre for crops in 2000 under high yield 
and low land base scenario, HYLL, for three iterations 
of model 
Crop Units FIXED MIDDLE FLEXIBLE 
Barley uusVicXs 59. ,93  60. ,52 60. ,52 
Corn do. 122, ,81 121. 58 121. ,58 
Oats do. 58. 49 60. 91 61. 33 
Sorghum do. 61. ,36 61. ,52 61. ,63 
Wheat do. 39, ,24 39. ,19 39, ,19 
Soybeans do. 39. 54 39. .70  39. 74 
Corn silage tons 15. 66 15. 64 15. 64 
Sorghum silage do. 9, .37 9. 37 9. 37 
Legume hay do. 3 .89 3 .88 3 .88 
Other hay do. 2 .49 2 .49 2 .49 
Cotton bales 1 .36 1 .36 1 .36 
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Table 33. Estimated planted acres for crops, total land cropped, 
area of 1977 cropland used, and amount of land converted 
to cropland for 2000 under high yield and low land area 
scenario, HYLL, for three iterations of model 
Crop FIXED MIDDLE FLEXIBLE 
million acres million acres million acres 
Barley 9.98 10.50 10.48 
Corn 74.36 75.80 75.84 
Oats 11.51 7.60 7.44 
Sorghum 24.51 22.97 22.87 
Wheat 47.58 48.85 48.93 
Soybeans 78.83 79.95 79.94 
Corn silage 6.54 6.54 6.54 
Sorghum silage .70 .70 .70 
Legume hay 21.15 21.20 21.20 
Other hay 25.97 26.00 26.00 
Cotton 13.04 13.02 13.02 
Fallow 31.51 32.34 34.42 
Total land use 345.69 345.47 345.37 
1977 cropland 345.69 345.47 345.37 
High potential 
conversion 0.00 0.00 0.00 
Medium potential 
conversion 0.00 0.00 0.00 
land is converted to cropland, which results in about 26.8 million 
acres of the 1977 cropland area projected to be available in the year 
2000 being left idle. The potential cropland is converted to cropland 
because it has a higher return than some of the current cropland 
even after including a charge for conversion. 
The change in the equilibrium price from ITiï-IL to KYÎ-ÎL is -21.6, 
-21.1, -23.5, -24.2, -25.0, and -28.1 percent for barley, com, oats, 
sorghum, wheat, and soybeans, respectively. The change in the supply 
price is -19.3, -19.7, -19.9, -26.1, and -11.1 percent for corn silage, 
sorghum silage, legume hay, other hay, and cotton, respectively. 
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Table 34. Estimated quantities for exports, feed, food, and total 
demand for barley, com, oats, sorghum, wheat, and soybeans 
in 2000 under high yield and medium land area scenario, 
HYML, for three iterations of model^ and the value of the 
convergent check for the last iteration 
Crop Demand FIXED MIDDLE FLEXIBLE CHECK^ 
million million million percent 
bushels bushels bushels 
Barley Export 28.47 12.80 11,51 -0.40 
Barley Feed 376.32 391.05 388,91 -0.02 
Barley Food 176.15 179.52 179.68 0.00 
Barley Total 605.48 599.58 596,21 c 
Corn Export 3,295.53 3,347.29 3,350.64 0.00 
Corn Feed 5,134.25 5,141.41 5,142.06 0,00 
Corn Food 684.40 718.46 720.66 0,01 
Corn Total 9,206.38 9,225.53 9,231.74 — 
Oats Export 11.21 4.98 4.81 -0,12 
Oats Feed 575.29 434.58 428.56 -0,05 
Oats Food 57.13 54.83 54.71 -0.01 
Oats Total 538.03 516.98 510.31 
Sorghum Export 207.59 195.18 195.04 0.00 
Sorghum Feed 1,283.04 1,228.20 1,224.79 -0.01 
Sorghum Food 10.28 3.24 2.80 -0,51 
Sorghum Total 1,442.10 1,429.21 1,425.21 
Wheat Export 1,129.11 1,177.00 1,180.03 0.01 
Wheat Feed 159.52 155.50 155.18 -0.01 
Wheat Food 520.22 529.05 529.61 0,00 
wheat Total 1.909 .60 1,920.10 1,923.49 — 
Soybeans Export 1,885.44 1,922.17 1,924,50 0.00 
Soybeans Feed 1,191.28 1,211.67 1,212,48 0.00 
Soybeans Total 3,163.96 3,173.99 3,177,16 
^Totals include production for seed use. 
^If value is 0,00 or -0.00, the absolute value of the actual 
value is less than 0.005. 
'"No check is computed for totals. 
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Table 35. Estimated prices in 1975 dollars for crops in 2000 under 
high yield and medium land area scenario, HYML, for three 
iterations of model 
Crop Units FIXED MIDDLE FLEXIBLE 
Barley $/bushel 1. 41 1. 44 1. 45 
Corn do. 1. .49 1, .48 1, .48 
Oats do. 1. 24 1, .16 1. ,17 
Sorghum do. 1. 74 1. ,72 1. ,72 
Wheat do. 2. 17 2. 16 2. 16 
Soybeans do. 3. 14 3. 14 3, .14 
Corn silage $/ton 12. 48 12, .48 12, .48 
Sorghum silage do. 11, .09 11, .09 11, .09 
Legume hay do. 39 ,36 39 .38 39 .38 
Other hay do. 39 .87 39 .88 39 .88 
Cotton $/bale 178 .08 178 .22 178 .22 
Table 36. Estimated yield per acre for crops in 2000 under high yield 
and medium land area scenario, HYML, for three iterations 
of model 
Crop Units FIXED MIDDLE FLEXIBLE 
Barley bushels 63. 64 63 .77 63. 81 
Corn do. 121. ,75 121 .66 121. 64 
Oats do. 58. 64 59 .27 59. 49 
Sorghum do. 67. .36  67 .42 67, ,44 
Wheat do. 40, .21 40 .18 40, .17 
Soybeans do. 40, .08 40 .10 40, ,10 
Com silage tons 15, .60 15 .61 15, .61 
Sorghum silage do. 9, .37 9 .37 9, .37 
Legume hay do. 3 .85 3 .85 3 .85 
Other hay do. 2 .50 2 .50 2 .50 
Cotton bales 2 .35 1 .35 1 .35 
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Table 37. Estimated planted acres for crops, total land cropped, area 
of 1977 cropland used, and amount of land converted to 
cropland for 2000 under high yield and medium land area 
scenario, HYML, for three iterations of model 
Crop FIXED MIDDLE FLEXIBLE 
million acres million acres million acres 
Barley 9.54 9.40 9.34 
Corn 74.71 75.83 75.89 
Oats 11.78 8.72 8.58 
Sorghum 22.43 21.20 21.13 
Wheat 46.36 47.79 47.88 
Soybeans 78.15 79.16 79.22 
Corn silage 6.57 6.56 6.56 
Sorghum silage .70 .70 .70 
Legume hay 21.37 21.34 21.34 
Other hay 28.38 28.43 28.44 
Cotton 13.12 13.13 13.13 
Fallow 30.99 31.77 31.S3 
Total land use 343.86 344.02 344.04 
1977 cropland 325.88 326.04 326.07 
High potential 
conversion 17.98 17.98 17.97 
Medium potential 
conversion 0.00 0.00 0.00 
The changes in total equilibrium quantity are mostly smaller than the 
changes in prices. 
The results for HYML suggest that, if yields increase above the 
historical trend used in the yield functions developed by Stoecker 
(1974) , the United States may be in a land surplus situation by the 
year 2000. 
Summary of Results 
The alternatives examined in this study suggest that the future 
equilibrium crop prices will be highly dependent upon the assumptions 
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made about future crop yields and the future amount of land available 
for crop production. Future equilibrium prices for com range from 
a low of $1.48 per bushel to a high of $3.83, a difference of $2.35 
per bushel. If a linear programming model with fixed demand levels 
is used, the range would have been larger. The range cannot be given 
since the largest price would have been given by LYML. The starting 
demands had to be lowered by 10 percent to obtain a feasible solution 
for the linear programming model. 
The amount of land required for production also varies greatly 
depending upon the assumptions made about yields. If the land area 
is held constant and only yields are varied, then for the medium land 
scenarios the total land area used for the production of the crops 
examined in this study is 344.04, 379.90, and 388.89 million acres 
for the high, medium, and low yield scenarios, respectively. 
The future average crop yields are also influenced by the 
assumptions made about future land availability. If the yields at 
the activity level in the linear programming model are held constant 
and only the size of the land area is varied, then for the medium 
yield scenarios, the average corn yield is 114.42, 109.05, and 108.43 
bushels per acre for the low, iredlum, and high land scenarios, 
respectively. 
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CHAPTER V. SUMMARY, LIMITATIONS, AND CONCLUSIONS 
During the last decade, two concerns have been raised about the 
future of U.S. crop production. These concerns are: a) Will the 
United States have enough land available in the future that is 
suitable for crop production? and b) What will future crop yields 
be? Future U.S. crop production is highly dependent upon both these 
issues. 
The real problem may not be the quantity of future crop production, 
but rather the price of the quantity that is available. The development 
of a model to answer this question is one of the objectives of this 
study. The other objective is the projection of prices and quantities 
for barley, com, oats, sorghum, soybeans, and wheat for the year 2000 
under alternative yield and land availability assumptions. 
The applications of various forms of spatial programming models 
are examined. These include linear programming, early iterative 
processes with linear prograinming, quadratic programming, and separable 
programming. The linear programming model is found to be unacceptable 
because of the fixed demand assumptions that are usually made. 
Quadratic programming and separable programming are found to be 
expensive and restrictive in size. An iterative model based on the 
theory of tâtonnement process of market adjustments is developed 
using a linear programming model to stimulate the behavior of producers 
and demand equations estimated econometrically to stimulate the 
behavior of consumers. 
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The iterative model starts at an arbitrary level of demand for 
each commodity and solves for approximate equilibrium prices and 
quantities. Location of crop production, optimal transportation of 
crops, acreage irrigated, and water use are also determined by the 
model, although they are not discussed in this report. The iterative 
model is discussed in Chapter II. 
The linear programming model is based upon the models previously 
developed at the Center for Agricultural and Rural Development (CARD). 
The model is a regionalized one land class model representing the 
continental United States. The objective of the linear programming 
model is to minimize the total cost of crop production and transporta­
tion. The costs are in 1975 dollars and the restraints are set up 
based on the expected year 2000 situation. The linear programming 
model also must minimize the cost of the production of silage, hay, 
and cotton in addition to the crops of interest in this study. 
The demand equations are estimated econometrically based on 
time series data for 1950 to 1979. Demand is disaggregated into 
domestic feed demand, domestic human and industrial demand (labeled 
food demand), and foreign demand for U.S. crops. The equations are 
estimated using seemingly unrelated regression. The estimated demand 
equations are presented in Table 2. The demand equations are linked 
to the linear programming model using a FORTRAN subroutine that is 
linked to the MPSX linear programming package using the READCOMM 
feature of MPSX. 
74 
The iterative model is used to estimate approximate equilibrium 
prices and quantities for barley, com, oats, sorghum, soybeans, and 
wheat and supply prices for corn silage, sorghum silage, legume hay, 
other hay, and cotton for the year 2000. Seven scenarios consisting 
of three alternative yield levels and three alternative levels of 
land constraints are run and analyzed. The three levels of yields 
are determined using three different time trend values for the year 
2000 in the yield functions developed by Stoecker (1974) and updated 
by Meister and Nicol (1975) . The three alternative cropland constraints 
are developed based on the amount of land SCS has classified as having 
a potential for conversion to cropland in the future. 
The results from the seven scenarios suggest that the future 
equilibrium prices and quantities are highly dependent upon the 
assumptions made about future crop yields and future cropland avail­
ability. The highest equilibrium price for barley, corn, oats, 
sorghum, wheat, and soybeans is 182.1, 158.8, 145.3, 165.1, 182.4, 
and 208.9 percent higher than the lowest equilibrium price, respectively. 
The highest supply price for corn silage, sorghum silage, legume hay, 
other hay, and cotton is 116.7, 158.0, 140.7, 234.0, and 67.4 percent 
higher than the lowest price, respectively. Future quantities also 
vary across scenarios. The largest total equilibrium quantity for 
barley, corn, oats, sorghum, wheat, and soybeans is 7.0, 2.4, 135.4, 
24.9, 15.7, and 6.6 percent larger than the smallest total equilibrium 
quantity, respectively. The total quantities do not vary as much as 
the prices. 
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Limitations of the Study 
The extent of the adjustments in agriculture that can be obtained 
from any model is limited by the assumptions made in creating the 
model and by the limitations of the model. A "better" constructed 
model will give better results. During the use of a model, limitations 
of the model make themselves known and possible improvements of the 
model are seen. 
One of the problems that appears for the present model is the 
possibility of cycling about steps in the supply functions. Cycling 
occurs for two of the scenarios in this study. In one case, the 
cycling occurs around a step of less than a cent. In the other case, 
the step is as big as ten cents. A smoother step supply function 
would help decrease the chances of cycling. A smoother function can 
be created by adding more activities to the model by adding rotations 
or creating more than one land class in each producing area. In 
addition, the change in the quantity adjustment procedure suggested 
below might help reduce the chances of cycling. 
The model did not converge as quickly as expected. Refinements 
in the quantity adjustment procedure should lead to faster convergence 
of the model. One improvement might be to use the demand quantity 
as the new production restraint if the change in the price is small, 
say less than one cent, or if the check value is less than the desired 
accuracy. Another improvement might be to average the demand quantity 
from the current and previous iteration if the current iteration's 
excess demand is greater than 30 or 40 percent of the previous 
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iteration's excess demand. Both of these improvements should cause 
the model to approach the equilibrium values faster. 
The last limitation recognized during this study deals with 
the livestock sector which is exogenous in the study. Exogenous 
livestock production limits the ability of the feed demands to adjust 
to changes in feed prices. Livestock production should be allowed 
to change as feed prices change, which would result in larger shifts 
in feed demand. The least that should be considered is the addition 
of livestock production equations as a function of feed prices. A 
better improvement would be the addition of an endogenous livestock 
sector to the linear programming model and the addition of meat demand 
equations to the demand sector. These two additions would allow the 
tâtonnement model to also solve for equilibrium prices and quantities 
of meat. 
Conclusions 
The iterative model based on the tâtonnement process outlined 
in this study has the potential for improving the results of the 
interregional programming models used at CARD. There would be little 
increase in the cost of constructing or solving the models. The 
iterative model would make linear programming a better normative tool 
for analyzing changes in agricultural policy or changes in input 
prices which cause shifts in the supply function. With some of the 
improvements suggested above, the iterative model would provide better 
estimates of price changes from one scenario to another than would 
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linear programming. Results for this study suggest that the difference 
may have a significant impact on the solution. 
Results from the alternatives analyzed in this study show the 
future crop prices will depend upon what happens to crop yields and 
to the amount of land available for crop production. The results show 
that unless crop yields continue to increase, future demand for crops 
may place a large strain upon our current cropland base. This strain 
would cause the conversion of some of the United States' current 
rural lands which are in pasture, range, or forest to cropland uses. 
On the other hand, large increases in crop yields may put the United 
States in another surplus cropland situation as it was in the 1960s. 
Finally, the projections of crop prices made in this study must 
be viewed with caution. The results are only as good as the data 
from which they are derived and the assumptions made. Many things 
can influence future crop yields, land availability, and crop demands. 
Therefore, any projection of the future is at best an educated guess. 
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